
REPORT NO. DOT-TSC-NHTSA-80-13 

RESULTS OF ENERGY-LOSS 
MEASUREMENTS ON PASSENGER 
CAR TI RES OPERATING I N THE 

FREE-ROLLING AND BRAKING/TRACTION 
MODES 

L. BOGDAN 

CALSPAN ADVANCED TECHNOLOGY CENTER 
Cal span Corporation 

P.O. Box 400 
Buffalo NY 14221 

FEBRUARY 1980 
FINAL REPORT 

DOCUMENT IS AVAILABLE TO THe PUBLIC 
THROUGH THE NATIONAL TECHNICAL 
INFORMATION SERVICE, SPRINGFIELD, 
VIRGINIA 22161 

Prepared for 

DOT-HS-805 224 

U,S, DEPARTMENT OF TRANSPORTATION 
National Highway Traffic Safety Administration 

Office of Research and Development 
Washington DC 20590 

REPRODUCED BY H"'ICAL 
NATIONAL TEC 1'< 

INFORMATION SERVICE 
U S DEPARTMENT OF COMMERCE 

• • SPRINGFIELD. VA. 22161 



NOTICE 

This document is disseminated under the sponsorship 
of the Department of Transportation in the interest 
of information exchange. The United States Govern­
ment assumes no liability for its contents or use 
thereof. 

NOTICE 

The United States Government does not endorse pro­
ducts or manufacturers. Trade or manufacturers' 
names appear herein solely because they are con­
sidered essential to the object of this report. 

• 



Technical Report Documentation Page 
1. Report No. 2. Government Accession No. 3. Recipienl's Cotol09 No. 

DOT-HS-805 224 fa 0 -/~Q~~ 
... Title and Slotbtitle 5. Report Dol • 

RESULTS OF ENERGY-LOSS MEASUREMENTS ON February 1980 
PASSENGER CAR TIRES OPERATING IN THE 6, PerfonninlJo Organ, solion Code 

FREE-ROLLING AND BRAKING/TRACTION MODES 
8. Performing Qrioniulion Report Na. 

7. Author1s) DOT-TSC-NHTSA-80-13 
L. Bogdan 

9. Perlorm;n; Orgonisatior'l Nome and Address 10. Work Unit No. (TRAIS) 

Cal span Advanced Technology Center* HS027/R0404 
Cal span Corporation 11. CQntrQcr or Gront No. 

I P.O. Box 400 DOT-TS-15361 and 15581 
Buffalo NY 13. Type 01 Report and Period Covered 

12. Sponsoring A.gency Nome orul Address 

FINAL REPORT U.S. Department of Transportation 
National Highway Traffic Safety Administration 
Office of Research and Development 1 •. Span.oring Agency Cod. 

Washington DC 20590 
15. Supplementary Notes U.S. Department of Transportation 
*Under Contract to: Research and Special Programs Administration 

Transportation Systems Center 
Cambrid~e MA 02142 

16. Al:atn;.ct 

This reporr described the results of tests on twelve passenger car 
tires performed on Calspan's Tire Research Facility (TIRF) . The tests 
were used to measure energy loss under three different test conditions: 
1) with the tire in a straight, free-rolling condition; 2) with the 
tires subjected to driving/braking torques required by conformance to 
the Federal Urban Driving Cycle (LA-4); and 3) with the tires subjected 
to driving/braking torques required by conformance to the Federal 
Highway Fuel Economy Test (HFET) . The sample set of tires was represen 
tative of current original equipment, and ranged in size from a 
P155/BOD13 to an HR78-15. 

17. Key Words 18. Distribution Siolement 

Tire Energy-Loss Measurement DOCUMENT IS AVAILABLE TO THE PUBLIC 

Free-Rolling Mode THROUGH THE NATIONAL TECHNICAL 
INFORMATION SERVICE, SPRINGFIELD, Braking/Traction Mode VI RGINIA 22161 

19. Security Clouif. (of this report) 1O. Security Clossif (of this po~e) 21. No. of P 0ge5 22. Price 

Unclassified Unclassified 58 

Fo.m DOT F 1700.7 (8_72) Reproduction of completed page aUfhorized 

, 
t 





PREFACE 

This report describes the results of tire energy-loss 
measurement tests performed for the U.S. Department of Transpor­

tation, Research and Special Programs Administration, Transporta­
tion Systems Center. The program was sponsored by the U.S. 
Department of Transportation, National Highway Traffic Safety 
Administration, under PPA-HS027, "Support for Research and 

Analysis in Auto Fuel Economy and Related Areas." 

This report presents an account of the details of the test 
program, including a discussion of procedural details and methods 
of data reduction. A summary and an analysis of the test results 

are included together with tabular listings of the numerical 
results. Conclusions derived from the test results are itemized. 

Test operation were performed under the direction of George 
A. Tapia Ignaty Gusakov, Manager of the TIRF Center was the 

overall program manager, and Leonard Bogdan was the project 
engineer. The author wishes to thank Stephen R. Bobo, the Trans­
portation Sy~te~s Center Contract Technical Monitor, for his 
assistance. 
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1. PROGRAM OBJECTIVES 

The purpose of this test program was to measure the energy loss for 

each of twelve passenger car tires selected to be representative of current 

original equipment. Each tire Was operated on a flat-surface roadway under 

straight, free-rolling conditions and also under driving/braking traction 

conditions. The traction tests were of two types. One type involved the use 

of a synthesized wheel-torque schedule, based on the velocity profile of the 

LA-4 Urban Driving Cycle, computed for a vehicle with a weight equal to twice 

the applied normal force on the tire. The second type test was similar in all 

respects except that the velocity profile of the Highway Fuel Economy Test 

Cycle was used in calculating the wheel-torque schedule. 

1 



2. TEST PROGRAM 

A concise tabular summary of the entire test program that was con­

ducted on this proj ect is presented in Table 1. Each test is id"entified 

by a TIRF run number which consists of three groups of digits. The first 

group designates the serial run number, the second group the test series and 

the third group the sponsoring organization. TIRF tire numbers are structured 

similarly except that the first group of digits designates the serial tire 

number. Table I lists the nominal values of the test parameters and contains 

a set of explanatory footnotes. 

The first twelve tests were steady-state tests with the tire free 

rolling at a constant load and a velocity of 50 mph. Normal loads equal to 

80% of the T&RA rated load at an inflation pressure of 24 psi were used for 

all tests. Inflation pressures were capped and permitted to rise during the 

course of the test. A test duration of 30 minutes was employed for these 

steady-state tests since experience has shown this time period is sufficiently 

long to permit stabilization of the tire rolling resistance force. 

The final twenty-four tests were devoted to the traction tests, 

t\<elve were for the LA-4 cycle and t\<elve for the HFET cycle. The former \,as 

1370 seconds in duration while the latter was 765 seconds. Details of the 

methodology used in determining the velocity-torque schedule for each cycle 

are given in Section 3 while Appendix A contains a summary of the numerical 

data. 

A listing of the tires tested is shown in Table 2. This table in-

cludes information on the TIRF tire number, manufacturer, size, trade name 

and DOT serial number. The six different tire sizes represented were specified 

by DOT. Two tires in each tire size specified were tested. The two HR78-lS 

tires were supplied by DOT. The other tires were purchased locally with the 

aim of achieving a representative sample of current original equipment tires 

from different vendors. 

z 



TABLE 1 
TIRE TEST SCHEDULE 

Road P V SA IA Lead 

Run Tire Condition' psi mph Torque. deg. deg. lb. Comments 

1-6-6 2-6-6 Flat, Dry 24 50 Free Rolling 0 0 840 30-Min. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

18 

19 

20 

21 

22 

23 

24 

25 

3 840 Test 

5 1024 

8 1024 

9 784 

4 784 

1 660 

10 660 

11 1024 

12 1024 

6 
I 1208 
I 

7 , 1208 • 
1 ! 

I 0 0 660 LA-4 Test 
Cycle I 

I 660 10 

I ! 
9 I 784 

4 I 784 

3 I 840 

I 5 I 1024 
I 

8 I 1024 

11 I 

I 
1024 

12 I 1024 I 
7 1208 

2 840 , 6 T 1208 

, Skid No. ~ 85 

NOTE: Runs No. 1 ~ 12 were steady-state tests, 30 min. duration 

VELOCITY SCHEDULE 0: Urban driving (LA-4) Test Cycle (1370 sec.) 

TORQUE SCHEDULE (2): Based on calculations of requirements for a vehicle 
weight equal to twice the tire load to follow the LA-4 
velocity schedule 
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Road 

TABLE 1 (Cant.) 

TIRE TEST SCHEDULE 

P V SA IA Load 
Run Tire Condition* psi mph Torque deg. deg. lb. Comments 

CD CD 0 0 660 
HFET Test 

26-6-6 1-6-6 Flat, Dry 24 

27 10 

28 9 

29 4 

30 2 

31 3 

32 5 

33 8 

34 11 

35 12 

36 t 6 

37 7 

* Skid No. = 85 

VELOCITY SCHEDULE (2): 
TORQUE SCHEDULE CD: 

660 

784 

784 

840 

840 

1024 

j 
1 

1208 , 1208 

Highway Fuel Economy Test (HFET) Cycle (765 sec.) 

Based on calculated requirements for a vehicle 
weight equal to twice the tire load to follow 
the HFET schedUle 

SU~~RY OF RIM WIDTHS USED: SYMBOL 

P 

DEFINITION 

P1SS/80D13 ... 4.5" 

CR78-14 .. 5.0" 

FR78-14/15 ... 5.5" 

HR78-15 .. 6.011 

4 

V 
SA 
IA 

Inflation Pressure 
Velocity 
Slip Angle 
Inclination Angle 

Cycle 

I 

, , 



TABLE 2 

TIRE IDENTIrICATION SCIIEDULE 

TIRF Other 
Tire No. Manufacturer Size Tire Description DOT - Soria I No. Identification 

1-6-6 General P155/80D13 JUMBO BIAS 780 ACE4 EAA 217 

2-6-6 Firestone CR78-14 STEEL RADIAL 721 VC12 XM3 167 

3-6-6 Goodyear CR78-14 CUSTO~I POLYSTEIlL RADIAl. MKL2 lICL 207 

4-6-6 Firestone BR78-13 STEEL RADIAL 721 YJP 8147 

5-6-6 Goodyear FR78-14 POLYGLAS II RADIAL MKL8 H2H 068 E021 

6-6-6 Cordovan IIR78-15 BONNEVILLE STEEL RADIAL PJVY CE9 406 

7-6-6 Avalon IIR78-15 STEEL BELTED RADIAL JFVY ACE 486 

8-6-6 Michelin FIU8-14 RADIAL FNL8 A7NX 414 VTY 161543 
tn 

9-6-6 B.F. Goodrich BR78-13 LIFESAVER 78 RADIAL STEEL BEFW MYI 118 
XLM 

10-6-6 General PISS/80Dl3 JUMBO BIAS 780 ACE4 EAA 217 

11-6-6 General FR78-15 JET RADIAL ACVU WNA 337 

12-6-6 General FI\7S-1S JET RADIAL ACVU \'lNA 317 



3. TEST DETAILS 

The calculation of the energy loss in tires requires that data 

measurements be made continuously during the course of each test. Inasmuch 

as the TIRF computer is limited to approximately 600 data points for each 

channel of data per run, the data sampling rate must be adjusted for each test 

so that this constraint is accommodated. Thus, the longer the test duration. 

the longer must be the time interval between successive samples of data. 

Of the three types of tests used during this program, the longest 

in duration was the 30-minute, steady-state test schedule. Since the inde­

pendent variables were held constant and the dependent variables changed 

very slowly, a coarse sampling rate could be accepted. Accordingly, a 

sampling rate of one sample every four seconds was used. The LA-4 cycle is 

approximately 1370 seconds in length and also includes many rapid changes 

in velocity. As a consequence, the objective was to obtain maximum resolution 

by using the full storage capability of the computer. To achieve this end, 

the sampling rate selected was one sample every 2.2 seconds. On the other 

hand, the HFET cycle, which is approximately 670 seconds long, has relatively 

few velocity changes of appreciable magnitude. Thus a convenient sampling 

interval of two seconds between successive data samples was selected. 

For the two different cycle tests, it was necessary to calculate 

the torque that would have to be applied to each tire to accelerate/decelerate 

the mass of a vehicle according to the velocity/time schedule specified for 

that cycle. The simulated vehicle weight used in making the force calculation 

was chosen to be equal to twice the tire normal load. Data for the values of 

the tire loaded radius, required for the torque calculation, were obtained 

from the steady-state tests that were scheduled to be conducted first for this 

reason (see data in Table 3). 

Accelerations, forces and torques were calculated for each time 

increment. For the LA-4 cycle, linear interpolations of the velocity/time 

data, listed at one-second intervals in the Federal Register, were used to 

obtain velocity values at the 2.2-second intervals. A summary of these data 

is given in Appendix A. 
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For operational convenience, the torque data were calculated for 

one standard condition of weig~t (1000 lb.) and one tire loaded radius 

(1.0 ft.). This expedient permitted the use of a single card deck to input 

the test command data to the TIRF computer for anyone cycle. Scaling factors 

in the computer were adjusted to obtain the desired torque level for each 

individual tire based on its normal load and loaded radius. 

Note that the calculated torques account only for the inertial 

forces involved in accelerating and declerating the simulated weight. This 

simulation is obviously unrealistic since at a constant test velocity the 

comma.,d torque is zero. Forces associated with rolling resistance and vehicle 

aerodynamic drag could have been included in the torque calculations but were 

deliberately excluded by design. 

All of the tires were in a new condition when received and each one 

\<as therefore subj ected to a break-in procedure. For this purpose, the 

General ~Iotors Tire Performance Criteria (TPC) break-in procedure was 

employed. The details of this procedure are outlined in Appendix B. 

The entire test program was conducted in the continuous sampling 

progralll (CSP) mode of operation wherein a soft~lare system controls machine 

operation and continuously logs data. To improve the quality of the measured 

data, the raw analog signals \<ere conditioned using low-pass electrical filters. 

Filters having a corner frequency of 0.083 Hz were used for the steady-state 

tests and 1.O-Hz filters were employed for the driving-cycle tests. 

Tire contained air temperature was sensed by a thermistor tempera­

ture probe that was inserted through the wheel rim into the approximate center 

of the tire internal cavity. Tread surface temperature, taken at the approxi­

mate center of the tread, was measured with an infrared radiometer. 

7 



4. TEST RESULTS 

Test data from the steady-sta.c runs were reduced in two different 

ways so as to obtain values for tire rolling resistance force an-d tire energy 

loss. The relation used to calculate rolling resistance is given below. 

BFT 
FR = -FX + RL (1) 

where FR is the rolling resistance force in lbs., FX is the longitudinal force 

in lbs., BFT is the bearing friction torque in ft-lbs. and RL is the tire 

loaded radius in ft. Forces and moments used are consistent in designation 

and sign with the SAE convention for the tire axis system (Reference 1). 

Energy-loss calculations were made using the following equation: 

ER = 
BFT -FX + RL (1 + SR) (2) 

where ER is the energy loss in ft-lbs. per ft. and SR is the slip ratio. Slip 

ratio, in this report, is defined as fo11O\;s: 

SR = 
N x RL 
k x V 

1 (3) 

where N is wheel rotational speed in rpm, V is the velocity in mph and k is a 

constant to make the units consistent and is equal to 14.01. 

Numerical data for FR and ER were calculated for each sample of data 

taken. In the case of FR, the equilibrium value of FR, taken as that value 

measured when the tire has attained thermal equilibrium, was obtained by 

taking the mean of the final 20 values calculated during the test run. The 

final value of FR has been corrected for electrical zero drifts in the TIRF 

balance which affect FX and BFT data. While tnese zero drifts are small, 

they can have a sizable effect on the sensitive rolling resistance measure­

ments. A summary of the FR data is given in Table 3. Shown also, is the 

sample standard deViation, s, associated with each FR value. In addition, 

8 



Table 3 includes the mean equilibrium data for inflation pressure (P), contained 

air temperature (CAT) tire tread surface temperature erST) and tire loaded 

radius (RL). 

Values of ER were computed on a point-by-point basis using Equation 

2 for the steady-state tests and Equation 4 for the LA-4 and HFET cycle tests, 

ER = 
T 

-FX + RL (1 + SR) (4 ) 

where T is the applied wheel torque. The mean energy loss for each test 

was computed as follows. For each tilile increment, the calculated ER was 

multiplied by the distance the roadway had travelled in that time interval. 

These products were then summed and divided by the total distance travelled 

by the roadway for the entire test. Note that it is not practical to make 

any corrections for drift in the balance electrical signals in the ER cal­

culations. This condition results from the fact that the electrical drifts 

are assessed only at the conclusion of a test run (all signal channels are 

set to zerO prior to each run) while the ER calculations are made throughout 

the entire run. Since experience shows that the drift tends to be random 

in sign and magnitude, the presence of this factor in the data must be noted 

in comparing test results within and among tires. 

Table 4 contains a summary of the mean energy loss (ER) for each tire 

for the three different test conditions employed, i.e. the steady-state tests, 

the HFET-cycle tests and the LA-4 cycle tests. Under the steady-state heading 

in the table, two columns are listed. The numbers in parentheses represent 

the mean equilibrium ER value taken over the last 20 data samples in the test 

run. In contrast with all other ER calculations, these data have been 

corrected for any thermal drifts in the balance signals. 

The data shown in Tables 3 and 4 show that the numerical values for 

most tires increase in level in the following sequence: FR, ER steady state 

(equilibrium), ER steady state, ER HFET cycle and ER LA-4 cycle. A summary of 

the relative performance of the tires within and among the different test 

9 



TARLE 3 

SUMt-1ARY OF EQUILIBRIlJ~1 OATA FOR ROLLING RESISTANCE FORCE 
AND OTIIER TEST VARIABLES Fon THE STEAOY-STATE TEST RUNS, 

PASSENGER CAR TIRES 

MANIJFAC-
RUN NO. TIRE NO. TIRE SIZE TunER LOAn,lb. FR,lb. s' FR/FZ P,psi CAT,oC TST °c , RL,in. 

7-6-6 1-6-6 P155/80Dl3 1 667 9.04 0.08 1.36x10 
-2 

27.4 44.0 32.9 10.91 

8 10 P155/80D13 1 667 9.15 0.06 1.37 27.2 47.4 31.9 10.90 

6 4 BR78-13 2 793 10.69 0.10 1.35 27.7 45.4 32.8 11.25 

5 9 BR78-13 3 796 9.67 0.10 1.21 26.6 42.9 34.2 11.07 

I 2 CR78-14 2 847 11.40 0.08 1.35 27.8 45.9 29.2 11.65 

2 3 CR78-14 4 852 9.50 0.07 1.12 26.8 39.3 30.3 11.48 
f-' 
0 3 5 FR78-14 4 1034 11.36 0.06 1.10 27.1 43.3 29.7 12.03 

4 8 FR78-14 5 1033 11.64'* 0.08 1.13 27.0 44.9 35.3 12. 6 

9 11 FR78-15 I 1035 10.44 0.06 1.01 27.0 40.8 28.0 12.43 

10 12 FR78-IS I 1038 10.92 0.05 1.05 27.0 42.6 29.8 12.42 

11 6 BR78-15 6 1218 11.98 0.12 0.98 27 .1 42.3 32.5 12.83 

12 7 BR78-IS 7 1225 10.79 0.11 0.88 26.7 40.2 29.2 13.01 

, 
5 = sample standard deviation (FR) ** A replicate test resulted in a value of 11.29 lb. 

MANUFACTURER LEGEND: I GENERAL 4 GOODYEAR 7 AVALON 

2 FIRESTONE 5 MICHELIN 

3 B.F. GOODRICII 6 CORDOVAN 



TIRF TIRE NO. 

1-6-6 

10 

4 

9 

2 

3 

5 

f-' 8 
f-' 

11 

12 

6 

7 

TAIlLE 4 

SUMMARY OF MEAN ENERGY LOSS DATA AS DETERMINED FOR 
STEADY-STATE, URBAN DRIVING CYCI.E (LA-4) AND IIIGlmAY FUEL ECONmlY 

(IIFET) TliSTS, PASSENGER CAR TIRES 
ER, ft-Ib/ft 

NORMAL 
TIRE SIZE MANUFACTURER BRAND LOAD, lb •• STEADY STATE* 

PI55/80D13 GENERAL JUMBO BIAS 780 667 9.41 (9.12) 

1'155/80013 GENERAL JUMBO BIAS 780 667 9.29 (9.23) 

IlR 78-13 FIltESTONE STEEL RADIAL 721 793 11.60 (10.84) 

BIt78-13 B.F.GOODRICII RADIAL STEEL XLM 796 9.90 (9.83) 

CR78-14 FIRESTONE STEEL RADIAL 721 847 11.88 (11.50) 

CR78-14 GOODYEAR CllSTOM POLYSTEEL 852 9.63 (9.68) 

FR78-14 GOODYEAR POLYGLAS II 1034 11.98 (11.55) 

FR78-14 ~IlCIIEI.IN RADIAl, 1033 12.41 (11.80) 

FR78-15 GENERAL .JET RADIAL 1035 10.68 (10.59) 

FR78-15 GENERAL .JET RAIHAL 1038 11.40 (11.08) 

111\78-15 CORDOVAN BONNEVILLE 1218 12.37 (12.12) 

IIR78-15 AVALON STEEL BELTED 1225 11.26 (10.94) 
RADIAL 

NOTE: Simulated vehicle mass for LA-4 and flFET tests was based 

on a weight equal to tI,ice the tire normal load. 

·k Numbers in parentheses are equilihrlwn values 

LA-4 

10.60 

10.71 

14.84 

11.63 

14.73 

13.03 

14.10 

13.84 

13.19 

14.58 

14.40 

14.29 

IIFET 

9.63 

10.25 

12.51 

11.36 

14.78 

11.63 

11.72 

13.14 

11.47 

11.77 

14.61 

11.17 



procedures is shown in Table 5. In Table 5 the ranking of each tire is in­

dicated for each of the five measures of rolling losses which were calculated. 

Please_llote that no atteinpt has been made to normalize the dat:a with respect 

. to normal load so that smaller-size tires tend to rank higher .(i.e. have lower 

losses) than larger-size tires. The objective has been to ascertain whether 

significantly different rankings would result from different test schedules 

that include free-rolling and traction-type test conditions. Table 5 was 

prepared by listing the tires in increasing order of the measured rolling 

resistance force, FR. In each of the other four columns, the ranking of the 

tire in that particular category is indicated by a rank number. Steady-test 

results are seen to be extremely well correlated with only minor shifts in 

ranking among the three columns. With a few exceptions, the LA-4 and HFET 

data are also well correlated and correlate quite well with the steady-state 

rankings. In general, except for some obvious exceptions, it appears that 

these tires preserve their relative ranking regardless of the type of test 

or the loss criterion that is used in evaluating tire performance. Note must 

be made of the fact that ten of the twelve tires tested were of radial-ply 

construction so that extrapolation of these results to other constructions may 

be hazardous. 

A note of caution needs to be sounded concerning the numerical 

values of the tire energy-loss data calculated for the LA-4 and HFET cycle 

tests. Results from tests performed outside of the scope of this program 

have demonstrated that the transient response characteristics of the wheel­

torque servo have a very large effect on the numerical values of the measured 

tire energy loss. The reason for this situation is that the relation used 

for c~lculating energy loss (eq. 4) contains the slip-ratio term, which due to 

tire compliance, is very sensitive to the time rate of change of the applied 

torque. Since the torque commands to the TIRF servo are in the form of step­

type inputs, updated every 2.2 seconds, the servo transient response is 

continually being excited. If the overall servo response' is underdamped (highly 

oscillatory), the fidelity of servo torque output relative to the torque 

command will be poor. As a consequence, large levels of energy loss may be 

measured • 
• Includes tire characteristics 

12 



f-' 
VI 

TIRE 
NUMBER 

1-6-6 

10 

3 

9 

11 

4 

7 

12 

S 

2 

8 

6 

MANUFAC-
TURER 

GENERAL 

GENERAL 

GOODYEAR 

GOODRICH 

GENERAL 

FIRESTONE 

AVALON 

GENERAL 

GOODYEAR 

FIRESTONE 

MICIlELIN 

CORDOVAN 

TABLE 5 

TIRE RANKINGS BASED ON VARIOUS ROLLING WSS CRITERIA 
ANn TEST SCIIEDULES 

Ranking 
TIRE Steauy-State LA-q 
SIZE FR' ER' ER ER 

PISS/801ll3 1 1 2 1 

PISS/80Dl3 2 2 1 2 

CH78-14 3 3 3 4 

BH78-l3 4 4 4 3 

FR78-1S S S S 5 

8R78-13 6 6 8 12 

IlR78-15 7 7 6 8 

PR78-15 8 8 8 10 

FR78-14 9 10 10 7 

CH78-14 10 9 9 11 

rJ{78-14 11 11 12 6 

11R78-1S 12 12 11 9 

* Equilibrium values are used in determining rankings. 

IIFET 
ER 

1 

2 

6 ! 
, 

4 

5 

9 
i 
, 

3 , 

8 

7 

12 

10 

11 



In adapting the TIRF machine to cycle-type testing, the nominal 

longitudinal slip servo has been converted into a wheel-torque servo. Because 

the principal demand on the torque servo has been in static operation, this 

servo has a low loop gain and a highly underdamped transient response. In 

normal operation, several seconds are permitted for the servo transient re­

sponse to decay before computer acquisition of data takes place. 

For cycle testing, the practice has been to reduce servo loop gain 

further to modify the transient response; The attempt is made to achieve 0.7 

of critical damping, a widely used servo criterion which provides the best 

compromise between rapid response and minimum oscillatory overshoot in response 

to a step forcing function. The gain method of modifying servo response has 

been used because it is simple to implement. However, it is not a fully 

satisfactory technique since static accuracy and response time are compromised. 

Other servo damping techniques are available that permit the use of high loop 

gains but to have made use of these methods would have required extensive and 

costly rework of TIRF circuitry. 

As the result of an oversight, the initial cycle tests on ~he tires 

listed in Table 2 were made with the torque-servo gain at its nominal level. 

For purposes of comparison, the energy loss data obtained for several selected 

tires for LA-4 and HFET cycles are shown below in Table 6 for the situations 

where the torque servo was poorly damped and where it was well damped. The 

ranking of the tires in this small sample was unchanged despite the differences 

in servo response. 

TIRE 
SIZE 

PISS/80D13 

FR78-14 

FR78-lS 

TABLE 6 

EFFECT OF TORQUE SERVO RESPONSE ON 
MEASURED ENERGY LOSS III PASSENGER TIRES 

ER, ft-lb/ft 

LOAD Servo Underdamped Servo Damped 
LB. LA-4 HFET LA-4 HFET 

667 18.40 IS.48 10.60 9.63 

1034 19.7S 21.09 14.10 11.72 

1035 19.38 19.33 13.19 11.47 

14 



The data of Table 6 demonstrate the large sensitivity of measured 

tire energy losses to torque servo characteristics. In view of this fact, 

it would be clearly desirable to use servo longitudinal force rather than wheel 

torque in performing cycle-type tests for the purpose of determining tire 

-energy losses. This approach could present some complex servo stability 

problems since tire circumferential compliances and nonlinear slip would now 

be inside the servo loop. 

15 



5. CONCLUSIONS AND RECOMMENDATIONS 

Based on energy-loss measurements made on a set of twelve passenger 

car tires ranging in size from PISS/80D13 to HR78-lS, the following con­

.clusions are warranted. 

1. Energy-loss values for a given tire are, in general, the 

smallest for steady-state, free-rolling test conditions and the 

largest ror the driving/braking traction conditions of the LA-4 

test cycle. 

2. Rela~ive ranking among tires with respect to energy-loss level 

appears to be relati vel}' independent of the type of test cycle 

that is employed. 

3. Energy-loss levels measured under conditions of driving/braking 

traction are very sensitive to the magnitude and duration of the 

time rate of change of the applied wheel torque. ~~ 

In future testing of the type performed in the course of this 

program, it is recommended that the following suggestions be accorded serious 

consideration. 

1. The calculated wheel torques for the LA-4 and HFET test cycles 

should be augmented to include vehicle aerodynamic drag and 

the rolling resistance force of the vehicle's other tire which 

is free-rolling. The TIRF torque servo should be modified to 

achieve a well-damped transient response in the presence of a 

high gain in the servo loop to achieve tighter control of the 

traction conditions. 

2. An eXperimental study should be initiated to achieve a capability 

to servo the tire longitudinal force (rather than wheel torque) 

in performing driving/braking traction tests aimed at determining 

tire energy-loss levels. 

16 



3. More tests on a larger sample of tires should be conducted to 

provide information that can be statistically evaluated to de­

termine the relationship between tire losses under.equilibrium 

and cycle operation. 

17 
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APPENDIX A 

A TABULAR SUMMARY OF THE LA-4 AND HFET 
VELOCITY-TORQUE SCHEDULES 

The velocity-torque-time data that are summarized in this appendix 

were derived from the basic velocity-time schedules that are specified by the 

Environmental Protection Agency as a part of the Federal Test Procedure for 

determining exhaust emissions and fuel economy of light-duty vehicles. Since 

the data storage capacity of the TIRF minicomputer is limited to approximately 

600 points~ it Was necessary to use coarser time increments than the one­

second intervals employed in defining the L~-4 and HFET cycles. 

For the LA-4 cycle, the time interval was selected to be 2.2 seconds. 

Velocities corresponding to these non-standard time increments Were obtained 

by a linear interpolation of the original velocity-time listing. Choice of 

the 2.2-second interval made maximum use of the available computer storage 

and thus achieved the best possible fidelity in reproducing the LA-4 schedule 

in which rapid velocity changes are required. The HFET cycle, on the other 

hand, is characterized by relatively minor changes in velocity with time so 

that fewer data samples are required in faithful reproduction of this cycle. 

Consequently, a 2-second time interval was chosen. Every other time-velocity 

pair in the original schedule was thus used and no interpolation was required. 

A calculation was made of the accelerations required to accomplish 

the velocity changes specified for each interval of time. Taking an equivalent 

inertia weight of 1000 Ibs. and a tire loaded radius of 1.00 ft., a wheel 

torque corresponding to each acceleration was calculated. 

A listing of the time, velocity, acceleration, force and torque 

data that served as the basic TIRF computer inputs for the LA-4 and HFET cycle 

tests is presented in Tables A-I and A-2, respectively. 
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TABLE A-I. EPA URBAN LA-4 CYCLE 2.2 SEC INTERVALS 

~EIGHT = 1000.001.65 
'tfHEa.. ~AOIVS = r .QO F1' 

"" .. URBAN LA._ CycLE :<!. .. Z SEC ' .... TERII.1.LS - 6.25 ~ts 

TI",e V§t;lC:!TY ACCgLE~4T'TON ~2RCg TORGUE 
fSEC) (MPt"" (F~) (:FT/SEC_*Z) u .. aS) CFT*I.aS) 
0.0 0.0 C>.O 0.0 0.0 0.0 
2'.20'0 0.0 0.0 0.0 o.~ 0.0 
4-_400 0_0 p.o 0 ... 0 Qr;') gap 
6.600 0." 0.0 0.0 0.0 0.0 
a.aoo 0.0 0.0 •• 0 ••• 0.0 

11.000 0.0 0.0 0.0 0.0 0.0 
19.2?O 0_0 Q.O 0,0 neil Orp 
1 .4QO Q.o. 0.0 0.0 0.0 0.0 
17..600 0.0 G.O 0--.0 ••• 0 • ., 
19.800 0"" D •• 0 • ., 0.0 <>.0 

22 .. 000 S.Q-OO 8 .. 653- 3.933 122.153 122:.153 
24..200 12.10Q 17'.747 •• 13.3 12A.364 128.360\ 
?6.4.Q0 17 .croo ?~ ,933 '·?57 11 1 ,44Q 'gt.A.4 9 
2S.600 I9.70Q.. 26.393 i._BOO 55 .. QOO sSe.QOO 
30.800 22.200 32.560- t.667 51.Z60- 51 .. 760 
33.000 U.I00 32.413 ~.O67 -2.070 -2.070-
35_200 20.890 30:.507 -:9 .867 -~6.9 X 5 -?'5·Q.'5 
37 .... 00 18.700 27.427 -l.~OO -43 .... 79 -"3.~78 
39.6QO lAo.900 21 .. 853 -2.533 -78.675 -79.67$ 
4'.800 15 .... 00 az.sa7 0.333 10.352 lO.~SZ 

.".000 17 .. 1-00- 25.{)Sc) 1.133 35.t97 35.197 
46.200 21.400 ,:U..387 2.8,.,.7 89.027 89.027 
408.400 22.800 33.4AO o·Cf';P ." .QBfl ZQ.QA6 
50.6100 2J.OoOO 31."dO ~.~OO -24.845 -24.845 
5Z.800 17'.500 25.607' -Z.733 -84.886 -94.886 
55 ... 000 15 .. 80.0 23.173 -1.133 -35.197 -35.197 
57",290 20.200 ~ ... 6?7 ?tQ33 9 1 .Q007 O:);I.QQ?' 
59.400 Z3.o00 34..613 2.,67 70 • .394 70 • .394 
6J .600 Z4.,aOO 36.373 0.800. 20. ... 845 24.845 
63.800- 2 ... 700- 36.227 -0.067 -2.071 -2.071 

66.000 2'-..700 36.,z27 •• 0 0.0 0.0 
68.200 24.700 36-227 •• 0 0 •• ..0 
70.400 ?4 .. aOO 36.373 0.067 ?0?1 ?,Qlt 
72 .. 600 25.600 3'7.547 0,.533 J o..s.o3 16.563 
74.800- 25.000 36.667" -&_400.- -)-2.4,2,3 -IZ.423 
77.000 25 ..... 00 :rr.ZS3 0 .. 267 8.21'12 8.ZA2 
79.200 25.900 37.987 0.333 10.35? T9· J S? 
81.~Oa 26.,JOO 38.573 0.Z67 8.292 9.282 
83.600 2B.200 4l .. 360 1.267 39 • .337 39.337 
85.800 29.700 43.560 1.000 31.056 31.056 

as.ooa 30.4-00 44-.587 Q .. 467 14.493 14.493 
90.zo0 30.7'00. 4S_QaT O.ZOo 6.211 6.Z1 I 
9Z.400 30..300 44_~4Q =9. 2 67 =A.2fp -a·2 -9 ' 94.600 30.000 ~4.a80 0.200 6.211 60.211 
96.aOO .30.000 44.000 -0.400 -12.422 -12.422 
99.IlOO Z9..aOO 43.707 ~.I33 -4.1:41 -4.14: 

1"1.200 30.700 4.5·0"7' q.60g J 3,631 Pho31 
103,.400 31.000 45.40.7 a.zoo 6-2:11 0.211 
105.600 30.0.00 44 .. COO' -0 .. 667 -20.704 -20 .. 704 
lO7.aoO 30.1 CO 44-.14.7 0.067 2.07'0 Z.070 
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TABLE A-I (Cont.) 

e.o " URBAN LA-+. CYCL.E 2.2 sec: INTERVALS 6= PTS 

TI!ffi )if] OCIJ:t ACC!:'! EBI\T10tf O:::!JP""F TDPO'IF ,seCl l1<llPf-l ) (FPS) (FT/SEC._Z» (L..S S) (FT*US) 
110 .. 000 31-200 45.7~O 0.733 22.774- 22.774 
112.200 32.2:00 407.227 0.667 20.704 20.70A 
I 14,AQQ 3?,QQQ 4ft,Q""1 =0·'13 -4:14 J =in u,· 
116.600 20..600 39 .. 013 -3.60Q -111.801 -111.801 
l1eJ.aOQ 19'.4000 Z8.45.3 ......... 80<1 -1.Q.Q .. 068 -149.006 
121.000 12.10G 17.74-7 -4.867 -151.138 -ISl .. 138 
1?3·ZQ Q A.gOg z.Q.A.Q -4. .867 _15 1 • 139 -151 ,'39 
125 .. 4-00 0.0 0.0 -3.200 ~q.379 ~9.379 
121'.600 0.0 0.0 0.0 0.0 0.0 
129.800 0.0 0.0 0.0 0.0 0.0 

132 .. 000 0.0 ".0 0.0 <>.0 a.o 
134-200 0.0 I).a. 0.0 0.0 0.0 
136 .. 402 0 .. 0 OrO Q.D °.0 Oep 
138.600 0.0 0.0 0.0 0.0 0.0 
140.800 0.0 0.0 0.0 0.0 0.0 
143.000 0.0 0.0 0.0 0.0 0.0 
14S .. ?9Q a.p Q .Q 0.0 D·D 0. 0 
14-7.40Co o.a 0.0 0.0 0.0 0.0 
149.6OQ O.G 0.0' <>.0 0.0 0.0 
151.BOO a.o a.o- 0.0 0.0 0.0 

1540.000 0.0 0.0 0.0 0.0 0.0 
156.200 0.0 0.0 0.0 0.0 0.0 
158.400 Q.g a_Q oeg g-g Q Q 

16<1.600 0.0 0.00 0.0 0.0 0.0 
162.aOO 0.0 0.0 0.0 0.0 G.O 
1&5.000 6.600 9.680: •• 4.0Q 136.b46 136.04& 
1&7.200 !=1.QOO ?p.3RZ 4.M7 15 1 ,t19 . '5' -'39 
J 69.400 20.300 30 .. 507 4.600 142.657 142.857 
171 .. 600 25 .. 200 36 .. 960 e .. 93:l 91.097 9J .097 
173.800 25.300 37.840 0.400 12.422 12.422 

176.000 2_ .. 700 36.2"27 -0.733 -22.774- -22.774-
178.200 ZS..,zOO 36.960 0 .. 333 10..352 lQ.352 
t80 .. 400 ?'>.4.og 36·??2 Q.BOQ ?9.·895 "7.11;. 845 
182.600 25.000 36. ... 667 -:> .933 -28".985 -28 .. 985 
184.aoo 20.100 29.480 -3.267 -101.449 -101 .. 449 
H37 • .:)00 17.200 25.227 -1.933 -60.042 ~O.042 
J 1'l9.20 r) 19·t:lOQ 27.7?? J. '31 3S· H ),fr '''.10", 
191.4GO 23.100 33.$JAO 2" .. 8.00 Ro.9oS! 8.0.957 
193 ... 600 29.200 4-.2:.827 4..067 126 .. 294- 126.294-
:195.800 3S.700 52".360 &..333 134.575 134 ... 575 

198 .. 000 39 .. 300 57.640 2.400 74 .. 534 74.534 
200.2'00 42.400 6.2'.187 Z.Ol'll 64 • .1:62 64.11512 
'1)2.400 45.4QO 6,,:.587 ? gog 6 2 .!1? .... ? "". 
Z04 .. 600 .7.200 69 .. 227 1 .. 200 37.20.7 37.267 
206 .. 800 0\7.400 69.520 0-.133- 4.141 4.141 
2:Q9.000 ~7.0aO 6J:!:.933 -0.267 -e..zSl -e.281 
211 .. 200 47.000 6fl.Q33 0. 0 0·0 Q a 
213.400 ,,-7.[ 00 6Q.080 ,).067 2.,)71 2.071 
2"15.600 4.7.700 69.960 :).400 12.422 12.422-
217.HOO 409.000 71.8607 0.867 26.915 26.~15 
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TABLE A-l (Cont.) 

EP4 tJReAN L.A_ cvCt.E z.z SEC INTERvALS - 625 "TS 

'Ty,.£ 'FbP<;try b,CC':~'1 Fe ATlON FnR~ mpn"p 
(SEC' (:'IIIIIPH) tFQS) (FT/SEC*'*2:) Ct..BS) (FT*t.SS) 

220.aoo 50.000 7'3.333 0 .. 667" 20.704 20 .. 704 
222.200' 5%.100 '74.~.7 0.733 22.77/4.. 2Z.774 
2'24 .. 42° 5g-eac) rr.t4.Z J .goo ]I,Q56 3' QS6 
22b.OOO 54.400 79.737 1.2.00 37.267 37.267 
2ZB.BOO 55.00G 80.667 0.400 J 2.423 12.423 
Z3I.000 54.bOO BO.O~O -0.267 -5.282 -'3.282: 
?33.200 54 e QQQ 8 Q

• S ?9 Q.??Q ,., en T 6 ?Jl 
235.4.00 55.600 81.547 0 .. 467 14.493 14.4.93 
2:!7.600 56.20Q 82.427 O.40G 12.422 12.4.22 
:l39..aOO 50.700 83 ... 160 0.333 10.3.0;2 10.352 

242.000 56.SaO 82.867 -0 .. 133 -4.141 -'-.t4J 
244.200 56.500 82.867 0.0 0.0 0.0 
241',.400 56.500 Bg.807 0 .. 0 Q,n g.P 
248.000 56-3')C) 62'.573 -0 .. 133 -4 •. 14 J -4.14J 
250.800 55.200 80.960 -0.733 -22.774 -22.774 
253.000 54...200 '7'9.493 -0 .. 667 -eO .. 704 -20.704 
255 .. 21)0 53 .. 700 78.711;0 ~_3'33 -10 .. 35 2 _IO.35? 
257.~OO 53.900 79.053 0.133 4-.141 4.141 
259.600 $4..100 79.347 0.133 4.140 1 4.141 
26J .aoO 53.500 78.467 -0.400 -12.423 -lZ.423 

264.000 SZ.60Q Tr. ... I47 -o.60a -18.633 -18 .. 633 
266.199 SZ..3QO 76.707 -o.ZOO -6.2't 1 ~.ZlJ 
25A.3'J9 51.,890 ~ .. Q?3 =2 .. 333 -t O.J'5? -tQ.35? 
270.5~9 51.500 75 .. 533 -0.200 -6.211 ~.21J 
272.7Q9 2.000 76 .. 257 0 .. 333 [0 .. 352 10 .. 352 
274.999 53 .. 00n 77 .. 733 0.667 20.704 20.704-
277.~9 ~:g~ 7'f:It-4Q3 g·ago ?4..845 ::04, B45 
219 ... 9 ~I.4QO 0.867 26,,"'15 26.;)15 
281.599 56.:)00 82.133 0.333 JO.35Z J 0"-352 
283.1'99 55.300 81 .. 10.7 -0.467 -14.493 -14.493 

265 .. 9'99 53.60CJ 7~!'613 -1.133 -35.197 -35.197 
298.199 51.S00 75.533 -1.400 -403.478 -43.478 
290.3QQ 51...300 75.240 -0 .. J33 -4.14 I -4.14.1 
29~.54<;f 5o.ldd" 13.480 -0.800 -2q..a.Q.5 -24.d45 
2"94.7'99 so.ooo 73.333 -o .. Q67 -2.07) -2 .. 071 
296./}QCJ 49-500 72.60c) -0.333 -10..352 -1/).352' 
zq.q,.XQ9 4.ca.400' 1'2' .. 453 -fr.067 -2.07 1 _'.071 
301.3'19 46 ... 00 70.'#87 -0.667 -20.704 20.704-
303.5Q9 4.6.500 68.200 -1.267 -39.337 -39.337 
305 .. 7'99 .... 0.00 64.533 -1 .. 667 -S1 .. "~O -5:.760 

307 .. 999- 41rSaa 60.867" -1.b67· -51.760 -51.760 
3tQ_l~8 38.Z0G 50.027 -2.200 -68..323 -68.323 
312 .. 39$'1 34 .. 700 SO .. 8Q3 -2.333 _7? .... 64- 72,464-
.314.598 j1 .. 900 ~6.787 -1 • .1307 -57.971 -57.971 
316.798 30.500 44.7:33 ·-0.933 -28.985 -28.985 
318.9Q8 29.00Q 0.2'.533 -1.000 -31.056 -31.056 
3121.14.13 ?4.11')0 35.347 -.~.?"'7 -10 1 • 440 _t 01.449 
323.j9-'3 19.100- 28...893 -2.933 -41 .. 098 ~1.O913 
325..598 17.600 25 .. 813 -t.400 ~3.4T8 -43.47/\ 
327.7'98 i3.10G 19 .. 213 -3.0GO -93.168 ...q3.168 
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TABLE A-I (Cant.) 

E?A URBAN LA_ CYCLE ".2: SEC INTERvALS - 625 F"TS, 

TIME VEt "CIIT ",Ceet FRATro"" ':°eCE TORQltE 

(SECJ ,"'PM) (FPSl (FT/SEc.-a> (LaS) lFT*L3S) 
329.998 a.ooo 11.733 -3.4000 -105.590 -105.590 
3:32.198 1.100 1.613 ..... 600 -1~2.857 -142.857 
:'1'3 4 .:30& a·n QnO =1.731 _??Z74 -'2 Z"'I'A 

3~b_SQ8 G.O <t." 0.0 0.0 0.0 
338 .. 798' (}.O 0.<)< <>.G O.G 0.0 
340..9Q8 G." 0.0 0.0 0.0 0.0 
"OJ.ICla p.o 2.Q Q-a a,g o.P 
34!).,39J3 0.0 0.0 0.0 0.0 0.0 
3.7.$8 3.000 ~.400 2.000 62. t 12' 62.02 
349.?q8 9.2.()O 13.493 " .. 133 t28.364- 128.364-

351.948 ]7..3QO- 25.:Jn 5.400 167.702 167.702 
354 .. 198 2Z.70a 33.293" 3 .. 600 111.801 111.801 
3,6.307 25.700 rr.6Q3 ?OQO 62· tt? 62.11 ,. 

3Sd.597 29.2.00 42.dZ7 2.333 72.464- 12.464 
360 .. ?'9 ?' 31.400 46.053 J .. 467 45.548 45.548 
.362.997 32.800 48.107 0 .. 933 28.980, 28.986 
365.10:.7 3 .... 500 59·§oO l.qJ 1 5 • JQ7 15. 1 (17 

367.397 34.900- 51 ... 187 0.2b7 a..281 8.281 
369.5Q7' ,34...6.0.0 .50.747 -0.200 -6.211 ~ .. 211 
371 .. 7'97' 35.90.0, SZ.<>S3 0.867 26.915 26.915 

373 .. 997 36 .. 00.0 52.aoo 0.067 2.070. 2.0.70 
376 .. 197 36.00.0. 52.aoo 0.0 0.0 0.0 17 '.3Q 7 30..?00 5 3 • 0cq 0. 131 4.14 1 4 u'1 

80.sQoT 36...500 53.533 0.2.00 6-2.11 6 .. 211 
3&Z_7'97 35-.300. 5)._773" -0.800 -24._64$ -e4-.S4$ 
384.997 33.50.0 49 .. 133 -1 .. 2QO -37.267 -37.2007 
3e7 .. SQ.7 ~13"-30Q 41.S0? 3"Y!7 _1Q:7,660 _rqz,A6Q 
389.397 21 ..... 00. .la. J20 ~.267 -132..50.5 -132.505 
39[ .597 15.70.0 23.02.7 -..133 -128.364 -129.364-
393.797 9.40.0. I3.78T -'.200 -130..435 -130..4.35 

39S.9Q7 Z.lo.O 3 .. 080- ..... 867 -15I .. 139 -151.139 
398.19-7 0.0 0.0 -1.40.0 -""3.478 -4-3 .. 478 
40.0.396 o.~ 0.0 0.0 0.0 0.0 
-..02.596 ! .60G 2 ... 347 1.067 33.126 33 .. i26 
400.40.796 8.50.0. 12.467 4..600 142.857 142.857 
406.9(;110 15.300. 23.173 ".867 151.13Q 151.1.39 
4o.9.1~6 ?? .~o.o 33 ... 587 4 .. 733 t4fh99", J46.~Q" 
411.390 26.400.0. 38.72() 2 ... 333 72.464 72.464 
413.596- 2~.OO() 43.413 2'.133 66.253 66.253 
&f.15.796 30.0"00 .... 000 ()_~67 e.ZBZ a.2.82 

.J7 .. 9Q6 29.30.0 42.973 -0.467 -14.493 -14.493 
4.20.1Q 6 27.~OO 40.1137 -1.267 -39.337 -39.337 
422 ... 3Q6 ::>0."00 eq.q?!') ;.667 _14.4..9?Q _144.9?R 
42~.Sqo 13.10.0 19.!!J:] -4.867 -151 .. 138 -J51.136. 
425._796 5.900 S..65.3 ...... 800 -14.9.068 -)4.9.068 
42~.9Q6- 0.0 0.0 -3.933 -122.153 -122. JS3 
431 .. 19b 0.' 0.0 2 ... 0 o.g oJ-Q 
4.33..396 0.0 0.0 0.0 G.O 0.0 
43S.SQ6 0.0 0.0 0.0 0.0 0.0 
4.37.n6 0.0 o.e 0.0 0.0 0.0 
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TABLE A-l (Cent.) 

6>A URBAN LA'" C'tc:t..e 2.2 SEC t ... TE):'fVAt,.S - 625 "TS 

Tt\tF yEIOCIT! "'CCElE9ATION ~O?Cc TI"]901 'E 
( sec> (,,",PH) 'F~) t F'T /S~C-.. Z} tLB$)., (FT_1..8S) 

439.996 0.0 0.0 G.G 0.0 0.0 
442.196 0." '.0 0.0 0.0 0.0 
.44..306 0.0 Os·Q Q,1l Q.Q a.o 
440.595 0.0 0.0 0.0 0.0 0.0 
448.795 5.900 a.653 3.Q33 122.153 122.153 
~SO_~5 t3.200 19.360 .... 867 151.139 1S1.139 
453.195 20 ,seo 30,On? 4.ao? !=U,lJ9 '5 1 .;"':IQ 
455 .. 395 27.000 3<;.,600 4.-333 134-.575 1.34..575 
457.595 30.500 44,733 2'.333 72.464 72..4h4 
459.795 33.000 44.400 ).667 51.760 51.760 

461.995- 35.100 51.4liO J ,400 43 ... 47~ 43,478 
464.195 36.100 52.947 0.667 20.704- 20.704-
406.395 1t,.IOQ 52,Q47 1.0 0,0 Qeg 
",68.595 35.8-00 52.507 -0.200 -0.211 ~.Zl] 
470.'195 36.QOO 5Z.800 0.133 4.141 4.141 
4n.~5 35.500 5Z .. C67 """'€J • .333 -10.3:52 -to.3~2 
0\.'75. t95 35 ,100 51 p4RQ ='.?67 :Ai,?"" :::3 ,?S? 
477 • .395 35.100 51.4ao 0.0 0.0 0.0 
4-79.595 35.200 51.6.27 0.067 2.070 2.070 
481."l'Q5 35.100 51.460 -0.067 -2.070 -2.070 

4-83.995 35.500 SZ.Q67 0.267 8.2ea a.Z8Z 
4S6.1Q5 35.(100 51.333 ....0.333 -10.352 -10-.352 
488 .. 395 34.900 51.187 -(1.067 _?Q71 -?Q7X 
"'90.594- 3"'.500 50.600 -0.20.7 -6 • .291 -8.291 
!t9Z.1"Q.4 32..300 4'7.373 -1.4,67' -4-5.S48 -45.54-8 
494 .. 994 28.0,00 41.067 -2.667 -89.0.27 -aQ.027 
4q7.1~4 22.000 3?267 ~_QOO -J?4.??Q. -J?Q.,??4 
4-99.394 t5-.200 22.293· -004.533 -140.787 -1,.4.0.7a7 
SGl-5Q4 8.4-00- 12.320 -4..533 -1"'0.787 -140.787 
503.794 1.b00 2 .. 347 ........ 5.33- -140.787 -14.0.787 

505.9ct4 0.0 0.0 -1.067 -33.J2b -33.12!J. 
50e.194- 0.0 0.0 0.0 0.0 0.0 
510.3Q4 O.dOO t .173 0 .. 533 t6.5:'2 3 t.,_563 
51.2:.594 4..70:0 ~ ... A93 2.DOO 80.70/1.5 90.745 
514.7'94- 8.100 11-.860 2:.267 70.393 70 .. 393 
516.994- 10.500 15.400 1.6QO 4q.689 49.689 
5]9 .. 10A 14.400 ~"FO ~.600 aO.71!l"i 80.745 
S!?i .344 U:t., 00 6. 93 • .::.33 78.675 78.075 
523.544 20.600 30.213 1.600 4.9.689 49.68~ 
525.N4 ZZ.aoo 33.440 1.467 45.549 45 .. 54<) 

527.9C)4 24-500 35.933 1 .. 1.33 3S.1QT 35.197 
530 .. );9'" 25..000 3&..667 0 .. 333 1.0.352 10.352 
532.394- 25.000 35 .. 667 0 .. 0 0.0 0.0 
534.$94 25.000 .36.607 0.0 0.0 0.0 
536.7Q3 25.800 37.84.0 0.533 16.563 16.563 
538.993 25-600 37.547 -'1.133 -4.14.: -4..141 
54 t .tQ~ 25.0 00 36.667 -n.400 -1?~"'?" '',:\',421 
543.393 2"'..c;OO 36.373 -0.133 ~ .. 141 -4.14.1 
545 ... 593 21.100 31).<;\47 -Z .. 467 -76.605 -76.605 
547.7Q3 13.900 20-.387 -4.800 -149.0613 -14q..068 
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TABLE A-I (Cont.) 

"" .. URBAN '--"""" CYCLE 2-2 SEC INTERYAt...S - 625 9'TS 

TIME VA pCITt ACry, ER AI T ON fDRCF rnpOl'=' 
(SEC); ,"'PH) (FPS) tFT.I'SEC •• 2 ) IL.8S) (FToaL6S) 

549_903 6.600 1:).680 ~.867 -151.139 -151.139 
SSZ_lQo3 0.0 0.0 __ .400 -136.646 -136.646 
554 .393 Q .Q O-Q p.o Qeg ., 0 

556.593 0.0 0.0 0.0 0.0 0.0 
558.7q3 0.0 0.<> 0.0 a.o 0 .. 0' 
560.9c;Jo3 0.0 0.0 o.a 0.0 0.0 
503 • 19 3 Q.p 0.0 I).g p.a 0 Q 
"65.~3 0.0 0.0 0.0 0.0 0.0 
S67.593 0.0 0.0 0.0 0.0 0.0 
569.793 5.900 8.653 3.933 122. J53 122.153 

57t ... QQ.3 13.000 19_067 •• 733 14.6 .. CJge 146.998 
574.193 16.Z00 .23 .. 760 2.133 60.Z53 66 ... 253 
57'>.393 lZ·OOO 24 • 9 33 rl.533 'h563 16 5 6 3 
578.593 l7.60a 25.813 0.400 12 .... 22 12.4.22 
560 .. TCI'Z 17.600 25.813 0.0 0.0 0.0 
SB2.Q92 16 • .;000 24 ... 7e7 -0.467 -14 ... 493 -14.~93 
""g;..t<::l2 17.900 ?".cnJ grQO? ?eQ7Z ?eQ?l 
S87.n2 lo..tiOO 24 ... 6400 ~.133 -4.14-1 .-.. ... J4-L 
589 ... 592 15.500 2"' ... 200- -0.200 ~.21 J -5 .. 211 
591_792 16.900. 24-_787 Q .. 267 a.2'3.1 8.281 

593.992 tS..500 27.133 1.067 33.126 33.126 
596.192 20.400 29 .. 920 1.267 3Q1.337 39.337 
5q8.39? ?t,tgo 30.Q47 o,4,fiz t 4 .AQ3 U.491 
600 ... 592 21 .. 800 ;31 .973 0.467 14..4.93 14.493 
~02 .. 1'Q2 22.500 33.000 0.467 1:4.493 14.493 
60A-_Q9Z 22.500 33_000 0.0 0.0 0.0 
bQT.IQ? 2,.000 35z ?,Q '·Pp!) 31.gSa 3! ,00::6 
60"'.392 20.Z00 .38.427 1.467 45.548 45.54a 
61) .. 592 26.500 38.867 O.ZOO 5.2"11 ~.211 
61.3_792 20-200 2.9_62.7 ....... 200 -130.435 -130.435 

615.992 12.900 18.920- ___ .867 -151.139 -l51 .. 139 
618.192: 8.900 13.053 -2.667 -8Z.815 -B2.BI6 
620.3Q? 0.0 0,.0 =5.933 _184,265 -1.94·?05 
1:122.5Q2 0.0 0.0 0.0 0.0 0.0 
624.792 0.0 0.0 0.0 0.0 0.0 
626.991 0.0 0.0 0.0 0.0 ').0 
629.1QJ 0.0 Q.O 0.0 peg r,o 
&3] .. .3'91. 0.0 0.0 0.0- 0.0 0.0 
633 .. 5'11 ·0.0 0.0 c.(} 0.0 0.0 
635.7'91 0.0 0.0 0.0 0.0 C.O 

637.991 0.0 0.0 0.0 0.0 0.0 
640.191 0.0 0.0 0.0 C.O 0.0 
'l4.? '" 3'9 J 0..0 Q-Q n.g g.o Q,g 
644.591 0.0 0.0 0.0 0.0 0.0 
646.7"91 4..000 5 .. 867 2.667 62.al6- 82.C!l6 
6~8.991 10.ZOO 14.960 ~.133 t28.364 12S.364 
651.JQt 14..2?0 ?Q.a?7 ,.. 667 8? 816 ,,32,a 16 
053.391 16 • .300 • 26...:34-0 2.733 34.aee. 04.81:16 
655.591 21.700 31 .. 827 2.267 70.393 70 ... 393 
657_791 24.300 35.64Q 1.733 53 .. 830 53.R30 
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TABLE A-l (Cont.) 

""- URBA. .... LA_ ~C1.E 2.2 sec T~TE~VALS - 625 PTS 

Tt"lE veLQctTY ACCC':::OAT""N ,:'Q9C~ TOBonE 
fSEC) (~f!tH) tJ='PSJ (FT /S£.C**2) fL5S~ [FT*LSSl 

659.9'} 1 25.600 37.547 0.867 26_91Y Z6_915 
662.191 Zf.I,.lOO 38 .. Z80 a.333 10.352' lQ.352 
""64.391 a6.:JQQ 39.573 0,,33 4.141 '\ .tfe! 
066.591 26.500 38.867 0.133 4.1 .. 1 4.1 ... 
66a.7'91 25.&00 :57.5407 -0.600 -18.633 -lS.633 
670.990 21.4-00 31.387 -2.800 -66.957 -66.957 
673. ian ]pegOQ ?1,467 -1'60Q -111 a01 -11t·dO' 
6>75 • ..390 10.400 15.253 -3.733 -115.942 -115.942 
677.SQO 4.400 6.4.53 -..000 -124_224- -12'4..224 
679.790 a.a 0.0 -2 .. 933- -91.097 -91.097 

681.9QO 0.0 0.0 0.0 0.0 0.0 
684.1~O 0.0 0.0 0.0 0.0 0.0 
:jA6 • .lCI.O g.O 0 .. 0 Oro a·a Orr 
688.590 0.<> 0.0 0.0 0." o.a 
690.7'90 0.0 0_0 0.0 0.0 o.a 
692.9QO 0.0 0.0 0.0 0.0 0.0 
69S.JQO J.SOQ 5.133 ?t:n3 7".404- 7?464 
a.97 • .,3qQ 7.000 11.1q.7 2.733 A4 .. dF.lo 84.8F.1o 
699.sg0 12.600 t8.480 3.333 103.5t9 103.519 
70J.~O 16.000 Z3.407' Z.257 70.394 70.394 

703 .. 990 16.500 2_.200 0-333 tC.35Z to.352 
706.19-0 1B..400 26.987 t.2t.7 39.337 39 • .337 
7"f.l.3'Q'O gO.700 3()_3!)Q ,_533 j7.61Q 47 '0 14 
710.590 22.500 33.000 I.Z00 7.207 37 .. .<'67 
712 .. 790 22.600 33.' .... 7 0.067 2.070 2.070 
714.9Q,0 23.500 34.467 0.600 18.633 13.033 
717.189 21 .. 4.0Q 31.3B7 _1.40g -4.1.~7~ ::,\1,479 
719-30'9 16~OO 24.640 -3.067 -95 .. 236 -95.238 
721.589 10.ZOO 14.960 

____ 400 
-136.640 -136.640. 

72:3 .. 789 _-sao 7 .. 0400 -3.600 -Jll.801 -11).801 

725.969 2'.1 00 3.080 -1.S00 -55.901 -55.901 
728. J89 t .QOO t.4-6'7 -'J.733 -22.,77. -22'.774 
730 • .J.CIQ 7.700 It,2<:1) 4.467 J3fh?'t? 135,, 71 5 
i32.5A9 i3.,4.00 19 .. 65.3 .3.aoa 116 ... 01Z :118.012 
734.789 17..600 25.813 z.aoo 86.957 86.957 
736.QaQ 21.500 31.533 2.6QO aO.74.S 50.74$ 
739 .. 1SQ ?4.700 36.227 ? '13 26 • 2 5 3 ....... 253 
741.3aQ Z~.700 39.160 1.333 41.408 4.1.408 
74.3.58Q 27.7'00 4,) ... 627 0.667 20.704 20.704 
745.7'39 26.500 41.800 0.533 16.563 16.563 

747.~9 28.300 4).S07 -0.133 -4.]41 .... 141 
750.189 27.~aO 40.920 ....0 .. 267 -" • .262 -8.2"2 
752 ... 3S<;a ~"h300 36.5"1'3 1_96 7' 33. I?'" 33'l""2 
i!4.S89 Z.JOO 32.707 -2.667 -62." 1 t> ~2 .. 81? 
756 .. 789 17.000 24.933 -3.533 -10'9.731 -109.731 
75a.q~9 12.500 13.333 -3.000 -93.16t! -93.16~ 

7"31·::PA 5.600 ."J.?1.3 -4.6QO -142.85;- _·4.2 ·as? 
uaj .. sa 1.500 Z.200 -2 .. 733 -a4.aB" ~4.ddb 
765.&\8 O.ZOo O.Z93 -0.867 -26.915 -26.915-
7&7.758 5..600 S.2.13 3 .. 600 111.801. 111.BOl 
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TABLE A-l (Cant.) 

EP" U~BA.N L..A-4 cycu:. 2'_2 SEC I!'tTERvALS - 625 PT'S 

791.Q88 
794.188 
ZQn-±93 
7ga.sa8 
1'\00 .. 788 
802.988 
B05.la? 
607.387 
S09.SS7 
811.7J\7 

313.>;87 
816.187 
.., 18.387 
820.587 
&2Z.'787 
824.987 
a?7.tB7 
829 • .38 7 
831.5A7 
833.787 

S35.987 
838.187 
~4Qt3l\7 

a42 .. 5B7 
-344 ... 787 
646.987 
549.167 
o51.3R6 
853.586 
SSS.rot;;. 

857.Q86 
860.186 
86?:lA6 
9e,4..586 
666.786 
1368 .. 91'16 
A7l.I86 
873.386 
Ar5.SA6 
877.7136 

27.000 
27.500: 
?Z-5Q Q 
27.500 
28.400 
31.000 
""Jej2Q? 
33 .. 700 
34.200 
34.000 

33.bOO 
32.0 00 
32 .. QOO 
31.5.00 
3G.too 
Z9.900 
?9-aQQ 
29.500 
29.100 
27.800 

25.500 
2'1.700 
tQ.zgQ 
20.600 
21.900 
23.2QO 
zc .. zQQ 
25.0.00 
26.900 
27_700 

28.BOO 
29.0.00 ?" .6g0 
27 .. 2000 
2'S .. ZOO 
24.800 
25..500 
2~.~OO 
27.700 
28.900 

40.480 
40.333 
4Q·333 
40.333 
41.653 
45_~67 

A-a .. AoQ 
49_-"'27 
50.160 
49.867 

49.280 
48.253 
4b.Q1J 
4b .. zoa 
44 ... JA? 
4.3 .. as3 
q.7nr 
43.267 
42.680 
40.773 

37 .. 4-00 
31.827 
2'.16Q 
30.213 
32.120 
34.027 
36 • 9 5Q 
37 .. 547 
39.453 
40.627 

42.240 
42.533 
41.947 
.39.893 
36.960 
:36.373 
37.",00 
38.567 
40 ... 627 
42 .. 387 

27 

-0.467 
-o ... 06T 

Q.O 
0.0 
0.600 
1_733 
J.3"'3 

-0.257 
-0.467 
=9 .6QO 
-0.333 
-0_033 
-0 .. 133 
=9.067 

-0.200 
-0.267 
~.867 

-t.533 
-2.533 
_r.M? 
O.g3~ 

0.867 
0.867 
! ·3D3 

0.733 
0.133 

='.267 
-0.933 
-1.333 
-0 .. 267 

Q.,67 
0.067 
0.800 
o.aoo 

-l4.4.93 
-2.071 

q.o 
0.0 

18.633 
53.830 
:\ •• 4Q9 

14..493 
10 • .352 
-4.1401 

-a.281 
-14.4-q3 

1 R·6(i J 
-1"0.352 
-2~ ... 985 
-4.141 
_?QZQ 
-f).Zll 
-a .28 1 

-26.915 

-47.619 
-78 • .075 
=5 1 ·z.:;a 
28.986 
26.915 
26.915 
41eiloa 

8.2.62 
26.9t 5 
t .... 5~3 

22.774 
4.141 

=3.?", t 
Z8.ilB6 

-4), ."08 
-8.281 
14..49 1 
20.704-
2.4.84'5 
24 .. 845 

-14.493 
-2' .. 071 

Q a 
0.0 

If'l.633 
53.830 
4! 4QS 
14.493 
10.352. 
-4.141 

-8.291 
-14.4q3 
-18·:<')3 
-10 .. 352 
-2S.QeS 
-It ... 141 
_?07? 

-0.211 
-9.281 

-26.915 

-"'7.619 
-78.&7'5 
-5' .7&a 
2B.9~6 
20."'15 
26.915 
4J'~C9 
8.282 

26.915 
1&.563 

22.77~ 
&1.14) 

-..'I..?~J 

28 .. ga.s 
-41.408 
-a.291 
1,·S"'} 
2<) .. 704 
24.8 .. 5 
24.840 



TA.BLE A-I (Cont. ) 

EP4 URBAN u._ CVCl..E 2.2 sec r:-.tTERYAI...S - 62,5 PTS 

rt ..... E YE] getTY A<:Cf
'

.='!3'ATXr'lN ,::'1J2Cf IQS?"f 
(SEC) ,,..,.., (FPSJ (FT/SEC,· .. 2) CLSS) toFT-LBS) 

87Q.966 29-.100 4Z.bCJO 0.133 4..141 4.J41 
882.1136 28-300 42.240 -".ZOO -6.211 -6.211 
'84.J86 ze.log .Ut?'] =9'4.6 7 -t 4..493 _14 '493 
8Stlo.S86 27.aoo 40.773 -:).200 -6.21 ) -6.211 
888.186 2&.7QO 39.160 -0.733 -22.774 -22.774-
990.966 a7..s0Q 40 .. 333 0.533 16_563 16.563 
69::. Jeb ?,,,QQQ Q I .0?7 p. ~13 '0·352 TO.lS? 
895 • .385 26.000 41.06.7 0.0 0.0 a.Q 
897.585 27..aOO 40.773 -0.133 -4.141 -4.14J 
899.185 27.000 39.600 -0.533 -t6.563 -16.563 

901.985 26.500 38.867 -0.333 -10.352 -10.352 
904.185 26.500 38.&67 0.0 0.0 0.0 
9Q6 • .3R5 25 .. Z0Q 18.4.27 :1, zoo =fi.? 1 J =!h?! J 
908.585 25.700 37.693 -0.333 -10.352 -10.352 
910_785 2'5..800 37.840 0.0&7 2'.~70 2.070 
912 .. 985 25.500' 37_400 -0.2.00 -6 • .211 -5 .. 211 
9f5 .. 1A5 g3.,."JOO 34_173 -t .. 4.6'7 -:t.5.S4f! -45.54ft 
~17 .. ,385 Zl.OOO 31.080 -1 .. 133 -35.197 35.l97 
919.585 22.100 32.413 0.333 to.352 10.352 
22.1.785 23 .. 900 35.053 1.200 37.267 37.267 

90!3.98.S 24..4000 35 .. 787 0.333 10.352 10.35.2 
92150.]85 25.100 3&.813 0.4.67 14.493 14 • .:a.qa 
929 • .385 2,. •• 00 37.2:q Qe??Q ba?" O·Z·, 
930.585 25.1.00 .:36.813 ~.200 -6.211 -'.211 
932.7"'5 25.000 36.667 -0 ... 067 -2.071 -2.07T 
93.11..gS5 24.500 35.933 -0.333 -10.352 -10.352 
Q37. r9.S 24.30q 35.64Q =9, j J3 -4,14 r =4,1 41 
93Q~S 25.000 .36.00.7 O.~7 14.49-3 f4.~93 
941.SK4 2".60a 36_aaO ~.26'" -8.281 -a.281 
943.784- 24. ..... 00. 35_787 -0 ... 133 -4_1 .... 1 -4.141 

945.984 25..000 3"7_547 o.aoo 2 ..... 845 24 .. 845 
q48. t'34 23 • .000 34 .. 613 -1.333 -41.408 -41.408 
950.,JR4. V~ •. 'H~O 27.573 -3 .. Z00 =95.", ~7Q ..qQ! 17 0 
95Z .. SI'i.,. [J .600 17 .. 0.1..:3- _.aoo, 149.068 t49-.06A 
954.~4 •• 401) &.¢53 -4.BOO -149.068 -14.9.061; 
956.984 0.' 0'.0' -2'.933 -91.097 ..q.l.097 
QS9.t84 0 ... 00 0.587' 0 .. 267 9.2~? fl. ?,"p 
961 • .384- 0. ... 00 9.387 4.000 1.24.224 124.224 
963.584 13.900 20 .. 387 5.000 155.279 155.279 
965.794 18.400 2.6.987 3.000 93.168 93.168 

ClI67.984 21.100 3n.947 r.aoo 55.90.1 55.90t 
970.184- 23..300 34.173- 1.467 45.54q 45.549 
q?? .. 3~4 26 ... "'00 39 .. 307 , :p3 72,4nG. 7?41)4 
974.5094- 21i.30G 4.1.507 1.000 3t.QSf'> 31.056 
97f).P!4 26.500 4.1.800 tJ.133 4.141 4.14\ 
Q78.984 27.700 40.627 -J.533 -16.563 -t6.563 
QAT .1A4 27 .. 100 3Q .. 747 :9,4QO _l?,A?? _I? .4~? 
983..384 2&-100 3&.573 ~_533 -16.563 -16.563 
985~3 ZS • .::a.oQ' ;sT.Z53 ~.6.00 -18.634- -!8.6.34-
987.763 ZZ .. aoa 32'.853 -2.000- -62: .. 112 -62.112 
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TABLE A-I (Cont.) 

." .. URBAN LAo'" CVCLE.2'.Z SEC tJ'llTER .... ALS - 62$ o>TS 

TI'iE VEt,QCITy 4CCf'J ERe-IrON ~'QacE mRQ!!F 

ISEC} (MI=I'I-f) 'F~S) CFT.lSEC·.2J (L"iS) tFT_t..BS> 
989.983 2t.500 31.533 -() .600 -18.633 -18.633 
992.11:\3 22.400 32.853 0.600 18.633 18.633 
9Q4·J.63 ??t}QQ 33.44.0 Q. ?'i7 9 ?'P 9·26" 
996.533 22.300 .33.440 a.o 0.0 0·.0 
998.753 ZZ.7CO 33.293 -0..067 -2.071 -2'.071 

lOoo .. ~3 2 .... 000 3S .. 2oa 0 .. 867 26 ... 915 26.9J5 
J QQ3.1A3 ?4 ,090 Jb.5?Q 0·6°0 19;.633 1"'0 .... 33 
IOO5 • .3H3 25.:500 ,37.4.00 0.40Q 12 ... 22 12.422 
1007.583 ZS.zOO 36.960 -() .. ZOO -6.211 -6.211 
1009.783 .?3.dOO 34.907 -0.933 -28.985 -28.985 

1011.9A3 2Z.90G 33_5~7 -(1 .. 600 -18.634 -18.634. 
1014..183 21.900 32.12Q -0 .. 667 -20.704 -2.0.704 
1016 • .383 19 • .322 Z" .. JQT _1.733 =5:J. Ft 3Q =53·.93Q 
IOlS.SA3 12.Z00 17.893 -4.733 -146.996 -146.9QS 
It')20 .. 78.3 5 .. 000 7 .. 333 -4.800 -14.9.068 -I49.06ii 
1022.983 0.0 0.0 -3.333 -103.520 -103.520 
t 0?5. IR3 o_Q g,o O.Q o ,Q n=O 
102.7.383 o.~ 0.0 0.0 0.0 0.0 
1029 .. 583 0.0 Q.G 0.0 0.0 <>.0 
1031.782 0.0 0.0 0.0 0.0 0.0 

1033.982 0.0 0.0 0.0 0.0 0.0 
1036.J82 0.0 0.0 0.0 0.0 0.0 
1 (')'8.382 o.g 0,0 g.o ? .Q 0.0 
1040 .. 5132 0.0 0.0 0.1> 0.0 0.0 
1042. -reZ 0.0 <>.0 0.0 0.0 0.0 
1044.~2' o.a 0.0 0.0' 0.0 0..0 
1047,11'\? O'V Q.Q o.p n.Q a.p 
1049.382. o.~ 0.0 0.0 0.0 0.0 
1051.582 0.0 0.0 0.0 0.0 0.0 
IOS3 .. 7R? 3.a.OO 4 .. 987 2.267 70 .. .393 70.39.3 

II)55 .. 98Z JO ..6;')0 15.547 4. .. 800 1"9.068 !49.061.1 
1058.182. 17.)'00 25.080 4.333 1:34.575 134.57$ 
JQ6Q_3S? ?Q .. ?QQ 30_3g0 2 p 4QQ 74,:i3 4 74..0:: 34 
10002.582 23.600 ,:340.&13 1.93.7;$ 60.042 60.04Z 
1064.7~2 25.~OO 37.253 1.200 37.207 37.267 
1066.982 26-800 39.307 0.933 26.986 2B.986 
lQo.9.1.9? 2, • .,00 "'I,Q67 O.BOO "9,.89 5 24. 845 
1071.382 27.300 40.773 -0 .. i.33 -4.141 -4 •• 4),. 
1073.582 27 .. 000 39 .. 600- -0 .. 533 -16 .. 563 -16 ... 563-
1075.781 2~ .. 90a 36.520 -1.400 -43.4.7'3 -43.478 

1077.981 21-500 31.533 -2:.2'57 -70.393 -70.393 
10eO.1Hor 17.400 25.520 -2:.733 --.'!4 .~a6 ~4.a86 
J gAZ 'YP ]J·d oO 17.307 _JeV) _II 5.942 -U5 9 4 2 
108~.S81 JO.ZOO 14 .. 960 -! .0"7 -33 .. 126 -33.126 
1066.7'81 9 .. 200 13.493 -0.667 -20.70.4- -20.70.4 
1088.981 8..000 12.613 ~_400 -12.422 -I-2.~ZZ 
JQQJ ,vn 6.92° 13.053 Q_??O 6.? J 1 6.?, . 
1 :)93 • .381 8.400. 12 .. 320 -() .. 333 -10..352 -10.352 
1095.581 5.doOO a.S07 -t.73.:3 -53.1330 -53 .. 830 
10.97.781 2.?OO 4.253 -1.933 ~Q.Q41 -60.04i 
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TABLE A-I (Cont.) 

epA tJR:BAN L.A-' CYCLE 2.2 sec; .",TERVA1..S - 625 "TS 

TfMF VElOCIty "<;C~I,:'9'ATInN FORe= rosOl/,:=' 
( seC) (!'4'PHJ (F~) (FT/S.EC .... 2:} (LaS) (FT*t.9S} 

1099.9'" 0.0 0.0 -1.933 -60.041 -60.041 
11Q2.181 0.70Q f.027 0.467 14.493 14 •• 93 
IIQ4.3F!1 4.909 7.)'7 lrRQO 66.95., 66.956 
11 Ot).5B 1 11.7QO 17.1bQ 4.533 140.71'1 ., 140.787 
1108.781 t4.400 21.120 1.800 55.900 55.900 
1] 10.981 18.100 26.547 2.407 7b.605 70.0,05 
I J 13. ;IH "".000 10 pROQ }.933 5 C .Q41 ..... 0.0 41 
1115...381 21-.300 31.240 0.2'00 6.21 i. "'.2t 1 
t 117.581 22-200 32..560 0.600 18.633 18..633 
1119.781 23.600 34.613 0.933 28.986 29".986 

1121.980 25.000 36.66'7 0.933 28.985 28.9~5 
1124.1liO 2Q..aOO 36.373 -0.1.33 -4.14-1 -4.141 
1126.390 "'.609 17.5407 Q.53:' 16.561 tt, ,503 
112.8.580 26-200 38.427 0.400 12.422 12.~.22 
11.30.7aQ 26.800 J:9-.307 0 .. 4.00 lZ.423 12.423 
1132.980 27.000 39>.600 Q.133 4.141 :&.141 
lJ 3S.1AO 26_900 "'I:9_A.5 3 =9.067 _?O?Q _~.Q70 

11:37.380 26.700 39.160 -0.133 -4.1~1 -q..[41 
113O:J.580 26.200 38.4Z7 -0.333 -10.352 -10.352 
1141 .. 760 24..bOO 3b.080 -1.067 -33.126 -33.12b 

lI~.(JAO 21...500 31.333 -2 .. 067 -64.18Z -64.182 
I146.18a IT.ZOG 25.227 -2.867 -89.027 ~9.027 
!l4'.38Q t?7QO; \8 .. 627 _3 ... 200 -=93 _ J liB =.n.t fi6 
l1S0.saO 5 .. 400 7 .. ~20 --. .867 -151.138 -l51.138 
lISZ.7RO O.ZOO 0.293 -3.467 -107.660 -107.660 
1 J '54..980 ••• 0 •• -0.133 ---4.1.4. -4.141 
1157.1"'0 g,g Q.n p,o Q.O 0.0 
115.;..380 . .., 0 •• 0.0 0.0 0.0 
1161.~O •• 0 0.0 0.0 0.0 0.0 
1163.780 0.<> 0.0 0._0 0 • ., O.G 

1165.979 0.0 0.0 O.G 0.0 0 •• 
1168.179 O.~OO 0.587 0.267 a.2RC? 3.292 
1! 70 .. 37Q fz_7QQ Q .. 827 4.200 t3 Q • AJ c:. 130,435 
1172.579 14.QOQ 20.533 4.867 151.139 ISl.13Q 
1174. T7'9 20..60C) lO.Zt3 4.4.00 136.646- 136.640. 
1176.979 23..500 3 •• 407 1.933 60.04.[ 60.041 
11 79.p·q ?? .. OO() 32.267 _!. goo -3 1 _;}56 -;U .056 
1181.379- 15.400 22.587 -4.400 -1300.646 -S36.6"'6 
1183.579 13.100 I 1 .~ao -4.86'" -1St .139 -151.139 
1185.779 0.900 1 .. .3Z0 ~.aoo -14.9.068 -149.068 

1J87.97<) <>.0 0.0 -0.600 -18 .. 634- -18.634-
1190_[7~ ••• •• 0 0 •• 0.0 0.0 
1) 92.379 0.0 gea g,a 2.Q ? ·9 
1194.579 0.0 0.0 0.0 0.0 0.0 
1 196 .. 77Q O.ZOO 0.293 0.133 4.141 4.14l 
l1Q8.~7q 3.500 5.133 2.200 68.323 6a • .323 
l?Ql .. J7~ 10.?00 14- .. Q6Q ~.~'17 '3a,71? 116 t 7'I p 
1203 .. 37Q 12 ... ~OO 18_920 1.800 55.900 55.900 
1205.579 12 .. 700 18.627 -0.133 -4.141 -....141 
1207.7'79 J3.~ 00 19.2:13 0.267 8.2.82: 8.282 
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TABLE A-l (Cant.) 

ep", UASAN f-A-4 C'tCL..E 2'.2" SEC IN"JERVAt..S - 625 P'TS 

rIME 
(SEC) 

1209.97'9 
12'12.17B 
1?T4:·37 9 
12J6.57B" 
12IA.778 
1220_<#78 
12?3· t73 

1225.378 
1227.578 
1229 .. "776 

lZ3I.976 
1234.178 
J?36 • .3?B 
123S.57R 
1240.778 
1242.978 
'?45· 175 
)247.378 
1249 ... 571! 
1251.776. 

1253.978 
1256 ... 177 
1 ?caA .377 
1260.577 
1202.777 
12'64_977 
1?67.177 
1209 • .377 
1271.577 
1273.777 

1275.977 
1278.1T?' 
1290.377 
lZBe.57? 
1264.777 
1296.977 
1?59.177 
1291.377 
1293.577 
1295.777 

1297 .. 977 
1300.177 
13°2.37 .... 
1304.57150 
1306 .. 775. 
1308.976-
1311_ 17& 
1313.376 
1.315.576 
1317.776 

YE'ocny 
(~~~ (F~S) 

15.500 22.733 
18.~OO 27.573 
21·?00 3'.Q~3 
2J .. 80Q 3J·.973 
2t.300 31 .. 24.0 
2~.800 3~_Q73 
?,.QQQ J?l'ry 
21.500 31.533 
20.600 30.213 
19..300 2S.307 

19.aoo 
19.100 
14.500 
a.oloo 
4.400 
0.701> o ,Q-

o .a 
0.0 
O.aOQ 

1.000 
1.tOO 
3.49 2 
5.400 
9.600 
9.500 
7.802 

12-200 
18.500 
21.600 

23..000 
Z4.Z00 
24 .. 300 
23.500 
23.500 
23.500 
'.,.,299 
24.000 
25.500 
25.900 

27.000 
2F'-~00 
"'9. r 90 
260.000 
18.aOa 
11.500 
".20Q 
0.0 
0.0 
o.~ 

29.040 
28.013 
?t .2'57 
12.907 
6.453 
1.027 
Q.o 
0.0 
0.0 
1 .. 173 

1.467 
1'.613 
4,9a7 
I.92.G 

1.4.0:80 
13 .. 933 
11.440 
)7 .. 893 
27.133 
3J .6dO 

33.733 
35 .. 493 
35_64° 
34.467 
34_467 
34.4607 
]5.4Cn 
3b.3.73 
37.400. 
37.987 

39.600 
4].653 
~? 6ea 
38.133 
27.573 
16 .. 867. 
p.700 
0.0 
0.0 
0.0 

ACCE., ERATyQN E09CC 

(FT/$EC··Zl 
1.600 
2.200 
1.6go 
0 .. 400 

-0 .• 333 
0_333 
Q ,or..,. 

-0.267 
-0.600 
~.867 

0 .. 333" 
-0.467 
-3. 0 0 7 
-3.800 
-2.933 
-28.467 
=(),467 
0.0 
0.0 
0.533 

0.133 
0.067 
1,513 
1 .. 333 
2.800 

-0.067 
-1.133 

2.933 
4.Z00 
2.067 

0.933 
0 .. 800 
Q.Q!,,;>7 

-0.533 
0.0 
0.0 
0.467 
0.400 
G.467 
0.Z67 

0.733 
0.933 
il 467 
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-2.067 
-4..800 
-4 .. 867 
......... 867 
-2.800 
0.0 
0.0 

tLSS) 
q,9.68Q 
6e .. J23 
49 fRO 
12.0\23 

-10.352 
10.352 
?QZQ 
B.282 

-18.633 
-26.9' 5 

%0.352 
-14.493 
=95·23a 

-118.012 
~1.097 
-76.605 
_14.49 1 

0.0 
0.0 

16..563 

4.141 
2.070 

9 7 .Q! 9 
41.40Ft 
86.95"> 
-2.070 

-35. 197 
91.097 

130.435 
60\.182 

28.985 
24 .. 345 
",07 ", 

16.563 
0.0 
0.0 

1 A • .q.Q3 
12.422 
14..49,3 
6.Z81 

22.774 
26.985 
14 A9~ 

-64.182 
-149 .. 06,1! 
-151.139 
-!51.t3 Q 

-90.956 
0.' 
0.0 

mqQ!rf 
(F'T*c..SS) 

49.689 
68.323 
49 689 
12.423 

-10.352 
10 ... .352 
,.. !)7? 

-:3.282 
-18 .. 633 
-26.915 

10 .. 352 
-14.493 
....c)s·?3R 
-11~.aI2 
~1.097 
-7~.605 
_14 .=\0] 

0.0 
0.0 

16.563 

4.141 
2.070 

47 6to. 
41.40.ll 
86.956 
-2.070 

_35.197 
91.0<,)7 

130.435 
64.182 

2S.985 
24·.845 
~_P7Q 

16.563 
0.0 
0.0 

!,1, 4 9] 
12.422 
1".493 
Ii .261 

22 .. 774 
29.985 
T4 403 

-04.182 
-14Q.068 
-151 .. 139 
_!5! '3Q 

-elo.950 
0.0 
0.0 



TABLE A-I (Cont.) 

EPA URBAN LA-4 CVCLE 2.2 sec INTE.~VAL.S - 625 ~TS 

Tl...,F vE' Delu 4CC~·t::'eATT?N EnecE TORpl'E 
CSEC) ,MPH) (FP$) (FT/SEC*.Z) ((.,9.5) (FT*t.aS) 

1319.976 0.0 0.0 0.0 0.0 0.0 
1322 .. 176 ".0 0.0 0.0 0.0 0.0 
13?4.JZfi Ory O.Q a.Q n.Q Qep 
1326.576 0.0 0.0 0.0 0.' 0.0 
132fh 775 0.0 0.0 0.0 0.0 0.0 
1330.976 0." 0.0 0.0 0.0 0.0 
1333.176 Q.q 0. 0 9.9 Q,g 2. 9 
1335..376 0.0 <>.0 0.0 0.0 0.0 
1337.576 0.900 1 .. 320 0.600 18.034- 18.634 
1339 .. 776 7.400 10.853 4.333 134.576 134.576. 

134) .976 13 .. 200 19.360 3.667 120.083 120.083 
t344.176 15.400 22.587 1.467 45.549 45.549 
1346.375 1<;1 .A9O ?Q.Q4Q .,.933 9 I ,qcq Q t .Q9Z 

1348.575 21.7QO 31.827 ~ .267'" 39.337 39.337 
1350.775 22..300 3Z .. 707 0.400 12.422 12.422 
1352.975 21..000 31.660 -0.4-67 -14.493 _14. .. 493 
1355.175 Z?«4QP 29 ,S?? :9.800 ?4·PA 5 -2 4 • 8 45 
1357.375 19 .. 200 Zt!_160 -0.800 -24.845 -24.84.5 
1359.575 16.900 24.787 -t .5.33 ~7.61.9 ~7.o19 

1361 .. 775 14-.300 2:0.973 -1.733 -53.830 -53.830 

1363.975- B_OOO 11.733 -4.200 -130.434 -130.4-34-
1366.175 Z.OQO 2.933 -".000 -1240.224 -t24..22' 
136Bp~~ G.C> Q,,9 -1.~33 -41.+06 :41 .'Q8 
1370.=tS G.O G.O 0.0 0.0 0.0 
1372".775 0.0 0.0 0.0 0.0 0.0 
1374.975 0.0 G.O 0.0 0.0 0.0 
1377 .. 17S o _I) g_a Q.Q ad O.Q 
1379 • .375 0.0 G.O 0.0 0.0 0.0 
1381.575 o.a 0.0 0.0 0.0 0.0 
1383_775 0.0 <t.<> 0.0 0.0 0.0 

32 



TABLE A-2. EPA HIGm~AY FUEL ECONOMY CYCLE 

TABLE A-2 

'.EIGHT· "::i lOOO.OOL.SS 
wHEEL ~AOIUS = 1.00 FT 

EPA HIGHWAY FuEL eCCNOf'I4Y Cta::e: (393 IStS) 

TTIiltE VELOCITY ~Cf:'-ERATI0N FORe,!, TORQUE 
(SEC) (kFt1) CFJ5S} (f!tJ'SEC_lII2) (Las IF'T.l..BS> 

0_0 0.0 0.0 0.0 0.0 0.0 
2.000 0.0 0.0 0.0 0.0 0.0 
4.000 •• ~G 7.187 3.593 11 t .594- t11_594 
6.000 11..306 16.573 4.693 145.755 145.755 
8.OlOO 17.300 25-373 4.400 136.646 136.646 

10.000 21.aoo 31.973 3.300 102.485 102.4.85 
12.000 Z5.aoo ;:'17.840 2.933 91.097 41.097 
J4.000 za.QOO '''1.067 1 .. 013 50.104 50.104 
16 • .000 30.000 44.000 1.467 45.549 45.549 
le.aoO 31.500 46.2QO 1.100 34.16L 34.161 

aO.DaO 32.900 48.253 1 ... 027 31.e84 31.884 
22.000 34.100 50.013 0.880 27.330 27.3::30 
24 .. 000 3 ... 900 S).f87 0.587 18.219 18.219 
26.000 35.700 52.360 0.587 13.220 18.220 
28.000 35.800 52.507 0.073 2.278 2.276 
30.00G .34 ... 900 51 .. 187 ~.660 -20.497 -20 .. 497 
32.000 34.0.00 50.747 -0..220 -6.832 -6.832 
34.000 35.100 51.480 0.j67 11.js7 11.387 
36.000 36.100 52.947 0.733 22.7704- 22.774-
38.000 36.S00 53.533 0.293 9.110 9.110 

40 .. 000 36.900 ~.120 0.293 9.110 9.110 
42.000 37.000 54.267 0.073 2.276 2.278 
44.0aa 37.000 540 .. 267 0.0 0.0 0.0 
46.600 37.000 54.267 0.0 0.0 0.0 
48.000 37.300 54.707 0.220 6.832 6.832 
50.000 38.600 56.613 0.953 29.607 29.607 
52.000 "0.000 58.667 1.027 3t.R84 31.884 
54.d06 41..400 6d.72() I.Oa7 :31.BS4 jl.884-
56.000 .2.900 62.920 1.100 34.161 34.161 
sa.ooa 44.000 64.533 0.807 25.052 25.052 

6o.allo "'''.SOO 65.267 0.367 11.387 IJ.387 
62.000 ...... 900 ~5.853 0.293 9.110 9.110 
64.000 4S.100 66.147" o. J47 4.555 4.555 
06.600 45.100 6/ .. 621 0.440 13 • .06,,- 13.604 
6S.000 46~OO 67 .. 907 0.440 13.665 13.665 
70.000 46.800 68.6.0 0.367 11.387 11.387 
72.000 47.000 68 .. 933 0.147 4.555 •• 555 
{4.dbO 41.200 60.221 o. 14 ( 4.~55 4.~~S 
76.000 47.200 (;9.227 0.0 0.0 0.0 
78.000 47.000 68.933 -0.147 -4.555 -..555 

SO-.OOO 46.9;00 68.787 -0.073 -2.277 -2.277 
82.000 47.0.00 68.933 0.073 2.277 2_277 
84.000 .Il7.101) 69.080 0.073 2.278 2.278 
1§6.500 .1.166 64.0aO 6.6 6.6 0.6 
88.000 .Il6.900 58.787 -0.147 -4.555 -..555 
9Q.Oo.O "'6.300 67.907 -0.440 -13.664 -13.664-
92 .. 000 46.300 67.907 0.0 0.0 0.0 
94.000: "iii-goo 06.787 6.4406 ij.ooA i3.60. 
<;16 .. 000 47.4QO 69.520 0.307 11.387 11.387 
9~.OOO 418 .. 000 70.400 0.440 13.60;i 1.3.0o~ 

----------------------_ ..... _----------------- ------- --- - - - -- -----
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TABLE A-2 (Cont.) 

"-----------

EPA "HGHWAY FUEL ECdNdNY CYCLE (jaj PTS) 

TYME veLOCIT'I" ACELERATION FORCE TO~QUE 
eSEC) "''''PH J (FPS) (FI)Sc.C*.2) (CBS) (FI*caS) 

100.000 48.500 71.133 0.367 11.387 11.387 
)02.000 49.100 72.013 0.440 13.665 13.665 
104-.000 49.100 72.013 0.0 0.0 0.0 
I06.0dd 44 • ..,,00 11.861 :::::O.d/3 -z.z t I -Z.27/ 
108.000 49.100 72.013 0.073 2_277 2.277 
110.000 49.300 72.307 0.147 40.555 4.555 
11Z.000 49.500 72.600 0.147 4.555 4.555 
i f4.ddd 44.5¢0 t2.6/Jo 6.0 0.0 6.6 
J 16.000 4.9.100 72.013 -0.293 -9.110 -9.110 
118.000 48.000 71.280 -0.367 -11.387 -11.387 

120.000 48.100 7Q.547 -0.367 -11.387 -11 • .387 
122.000 47.400 69.520 -4.513 -15.942 -15.942 
12 .... 000 4.7.500 69.667 0.073 2.276 2.278 
126.600 4/.::;>00 td.253 0.293 ?i.ll 0 :;i. i 16 
12'3.000 47.900 70.253 0.0 0.0 0.0 
130.000 47.900, 70.253 0.0 0.0 0.0 
132.000, 4.8.000 70.400 0.073 2.:!78 2.278 
134.00U 4/.",00 f6_253 =d.O/3 -2.218 -2.21& 
136.000 46.000 67.467 -1.393 -..43.271 -'3.Z:71 
J38.000 .. 1.Z00 60.427 -3.52.0 -109.317' -109.317 

140.000 -45.5"9 
142.000 -4.555 

1 
1 

160,.000 46.300 68.640, 0.660 20.497 20,.497 
162.000, 47.000 6a.933 0.14.7 4.555 4.555 
164.00'(} 47.600, &9.813 0.<1140 13.665 13.665 
166.0ao 48.000 ,a .400 (;'243 9.11 a 9.0U 
166.000 47.900 70.253 -0.073 -2.278 -2.278 
170.000 47.300 69.373 -0.440 -)3.664- -13.664 
172.000 46.200 67.760 -0.807 -25.052 -25.052 
114.000 45./0" 6/.02 i "'''!>'36 , -11.38 ; -11.381 
J76.oo0 45.400, 66..587 -0.22:0 -0.833 -$.833 
178.00Q 45.000 &6.000 -0.293 -9.110 -9.110 

180.000 .3.JOG &,3.213 -1.393 -43.271 -43.271' 
182.000 41.500 60 .. 867 -1.173 -36.439 -36.43Q 
184.000 42.100 61.747 0.4 .. 0 13.665 13.665 
i86.000 43.500 53. BOO ].02} 3 J .884 31.884 
168.000 43.600 63.947 0.073 2.278 2.278 
190.000 43.000 63.067 -0.440 -13.665 -13.665 
192.000 43'.4.0C> 03.653 0.293 9.110 9.J 1 0 
14 .... ;;00 44.300 54 .. 9,3 0.600 20 ... 9, 20 .... YI 
196.00() 44.900 65.853 0.440 13.604 13.664 
198.000 ...... 00 65 .. 120 -0.367 -11.387 -11.387 
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TABLE A-2 (Cont.) 

EPA H (QOiWAT FUEL ECONOMy CytLE (393 PIS, 

TJr-IE VELOCITY ACEl.ERA.TION FORCE TORQU!: 
( SEC.) UtiSK) (Fj5S) (FT/site' ... z) (CBS) (FT$LSSi 

200.000 ~.-400 63.653 -0.733 -2:Z.TT~ -U.774 
202.000 43.200 63.360 -0.14.7 -4.555 -4.555 
204.DOO 43.000- 63.067 -o.J4.7 -4.555 -4.555 
206.5001 43. loa 63.213 0.073 2.278 Z.278 
208.000 43.900 ~.387 a.sa7 18.219 18.219 
210.000 ""3.500 63.aoo -0.293 -9.1LO -9.110 
212.000 41.S00 bO ... S67 -1.467 -4.5 .. 549 -45.549 
214.000 40.0.00 5a.667 -1 .. 100 -34 .. 161 -.34.101 
2]6 .. 000 40..300 59.107 0.220 6.&32. 6.832 
Z18.000 4Z.000 61.600 1.247 38.716 38.716 

220.000 43.100 63.213 0.807 25.052 25.052 
222.000 43.400 63.653 0.0220 6.832 6.832 
224.QOO 44_300 64 .. 973 0.660 20.4.97 20.497 
226.000 45.100 66.147 a.sa7 16.220 18.Z20 
22B.OOO 45.800 67.173 0.513 15.942 15.942 
230.000 _6.900 68.787 0.a07 25.0.52 25.0.52 
232.000 47.40.0 69.52CJ 0.367 11.387 tJ.3B7 
234.000 ~7.300 69.373 -0.073 2.277 -2.2;77 
236.000. "7.20.0 69.227 -0.0.73 -2.277 -2.277 
238.000 47.10.0 69.0.80 -0.0.73 -a.a77 -2.277 

2_0.000 .7'.000 68.933 ~.O73 -2.Z78 -2.276 
242.000 4&.80Q 68.640 -0.147 -4.555 -4.555 
24-4.000 47.0'00 68.933 0.147 4.555 .... 555 
2_0,.000 47.~00 09.667 0.367 11.387 11.387 
2408.000 48.000 70.400 0.:367 J 1 .3$7 11.387 
250..00.0 48.000 70.40.0 0.0 0.0 0.0 
252.000 4.8.000 70.40.0 0.0 0.0 0.0 
2$4.000 4a.zOd tb.6§3 d.147 4.5::.5 41.5550 
256.000 48.10C) 70-S47 -0.0.73 -2.277 -2.277 
258 .. QOO 48.90() 71.720 0.587 18.219 18.219 

260..0.00. 49.10.0 72.0.13 G.147 4.555 4.555 
262.000 4.9.100 n.o.l3 0.0 0.0 0.0 
264.0.00 49.00.0 71.867 -0.0.73 -2.277 -2.2.77 
2M.oad 41t.zu1l 16-043 4i .. !:Id; -18.220 -i8 .. 220 
268.000 47.500 &9.667 -0.513 -15.94.2 -15.942 
270.000 46.700 68.493 -0.587 -18.220 -18.220 
272.0.00 46.00Ct 67.467 -0.513 -15.942 -)5.942 
2/4.iJOO 45.66() 56.aB6 =6.293 -Y.lIO =9.110 
276.000 45.200 06.293 -0.2.93 -9.110 -9.110 
Z7S.000 "' •• 700 65.560 -0 • .367 -11 • .367 -11 • .:367 

.. 280.000 "".200 54.827 -0.367 -11.387 -11.387 
262.000 "2.800 &2.773 -1.027 -31.8B4- -3J .S84 
264.000 4.0.100 58.813 -1.980 ~1.49t -61.491 
286.000 3,.500 55.000 -(,90 1 -S9.21 ~ ~9"U4 
2sa .. ooo 34.700 50.893 -2.053 -63.7&8 -63.768 
290.000 33.300 48.840 -1.0.27 -31.884 -31.a84 
292.00.0 31.701) 4.6.4.93 -).173 -36.439 -36.439 
244.006 M.oOG 43.413 -1.540 -4t.8ztJ. -4/.326 
296.000 28.400 41 .. 653 -0.880 -27-129 -,27 .. 329 
298.000 29.500 1l.3.267 0.807 25.052 2.5.052 
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TABLE A-2 (Cont.) 

-----------

,,- H[GH •• y FuEL EdiNO~Y CYCU: (383 PTSJ 

TIME VELOCITY AcamATIon FORCE TORQUE' 
'SEC) (IItPA) (Fi:SS) (FiJSECi .. 2i 'LBS) tFT*UlS) 

300.aOG 33.4-00 48.987 2.860 88.820 88 ... 82;0 
302.000 37.$00 55.000 3.007 93.375 93.375 
304.000 40.Z00 58 ... 960 1.980 61.49 t 6J .491 
306.060 4 •• SOU 61.361 1.i13 36.439 3&.4:34 
308.000 4Z..aOO etZ.773 G.733 22.774- 22.774. 
310.000 .3.800 64.Z40 Q.7:33 22,.774 22.77" 
312.000 44.700 65.560 11.660 20.497 20.4Q7 
314.000 45.200 66.293 0.36/ 11.38 t il.JSI 
316.0QO 45.500 66.733 Q.220 b.S32 b.832 
318.000 4.6.000 67.467 0.3&7 11.387 t 1.387 

320.000 46.SQQ 68.200 0.367 11.387 11.3eT 
322.000 47.100 69.080 Q.44Q 13.665 13.665 
324.000 48.300 70.840 I).SSO 27.329 27.329 
326.060 49./Ou l2.d'i3 i .62 t 31.aa"" 31.864 
328.000 51.000 74.800 0.953 29.b07 29.607 
330 .. 000 52 •• 00 76.853 1.027 31.884 31.88 __ 
332.000 53.800 78.907 1.027 31.88A 31.884 
334.606 ~.200 &«$.966 1.027 31.§64 3 i • 131M. 
336.000 56 ... 00 82.7'20 o.aao 27.329 27.329 
338.000 57.000 83.600 0.440 13.665 13.665 

340.000 57.300 8 •• 040 0.220 6.833 6.833 
342.000 57.S00 84.773 a.367 11.387 11.3a7 
344.000 sa.roo 85 .. 213 0 .. 220 6 .. 832 & .. 832 
346.060 sa.l00 86.093 a.440 13.664 13.604 
348.000 58.9ao 86.387 0.147 4.555 4 .. 555 
350.000 59.000 86.533 0.073 2.277 2.277 
352.000 sa.aoo %.240 ~.t47 -4.555 --..555 
354 .. 000 58 .. 400 85 .. 053 =:1.293 -9.11 i) =:S.liO 
356.000 58.100 85.21.3 -o.zzo -6.832 -o.S3Z 
358.000 57.900 84 .. 920 -0. t47 -4.555 ..... 555 

360.000 57.400 84-.197 -0.367 -11 .. 387 -11.387 
362 .. 000 57.JOO 83.7~7 -0.220 -6.832 -6.832 
3b&.OOO 57 .. 000 83.600 -0.073 -2.278 -2.278 
366.dOO 56.YOa 83.453 =6.013 -2.2 f1 -2.2 II 
368.000 57.000 /33.600 0.073 2 .. 2:77 2.277 
370.000 57.00Q 83.600 0.0 a.a a.a 
372.000 57.000 83.600 a.a 0.0 0.0 
3/4.00:U 5/.aoo S3.00b 0 .. 0 0 .. 0 6 .. 0 
376.000 57.GOO 83.600 0.0 0.0 0.0 
379.000 56.sao 83.307 -0.14-7 -4..555 ~.555 

380.000 56.Z00 82.427 -0.440 -1.3.605 -13.665 
382.000 56.000 82.133 -0.147 -4.555 --..555 
38 .... 000 56 .. 100 82.290 0.073 2.278 2 .. 27~ 
385.auO 56., ao 83.160 0.440 13.664 13.66 .... 
388 .. 000 57.100 83 .. 7 .. 7 0.293 9 .. 110 9.110 
390.000 57.400 84 .. 187 0.220 6.a32 0 .. a32 
392.000 S7~2110 83.SQ3 -0.147 ...... 555 __ .555 
394 .. 000 56.900 83.453 =0.220 -6.832 -0.8.:.2 
396.000 56 .. 300 82.573 -0.440 -13 .. 664 -13.66 .. 
398.000 56.400 82.72:0 0.073 2.Z77 2.277 
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TABLE A-2 (Cont.) 

eP4 R lGRWXT FUEL Ee:OF'iUky CYCLE (383 PT5) 

TIME VELOCJTY ACELEQATION FOllce TORQuE 
t sJf\ .... ) ,,,,PRS iFFis) lPT/SEe.*ZJ (LSS) (FT*L6S) 

400.000 57.100 83.7"7 0.513 15.942 15.9.42 
402.000 57.aoo a....773 0.513 15.942 15.942 
404.000 58.000 85.067 0.14.7 4.555 4.555 
406.006 !:Ia.GdO as.d61 0.0 0.0 0.0 
408.QOO 58.000 as.Ob7 0.0 0.0 0.0 
410.000 57.aoo 3 .... 773 -0.147 -4.555 -4.SSS 
412.000 57.700 94.627 -0.073 -2.277 -2.277 
It-Jq..aoo 57.90D &4.920 i.i.14t ",.555 4.555 
416.000 58.100 55.213 0.147 4.555 4.555 
41S.000 58.900 /36.387 0.587 18.219- IS.219 

420.000 59 .... 00 87.120 0.367 11.387 11.387 
422.000 59.900 97.853 0.367 11.387 11.387 
4.24.000 59.800 87.707 -0.073 -2.277 -2.277 
4z6.6oo 59.40ti 97.120 =0.293 -9.110 =9.110 
428.000 59 .. 100 86 ... 680 -0 ... 220 -6.832 -60.832 
430.000 58.9000 86.387 ~.14.7 -4.555 --..555 
.32.000 58.600 85.947 -0.220 -6.832 -6.832 
4j4.00a 5a.4ao 85.653 =6. i.e.., =4.S5~ -...$55 
436.000 58.300 85.507 -0.073 -2.277 -2.277 
• .38.000 58.100 85.213 -0.147 -4.555 -4..555 

440'.000 57.900 8 .... 920, ~.147 -4.555 -4'.555 
442.000 57.900 a4.920 0.0 0.0 0.0 
444.000 57.900. 84.920 0.0 0.0 0.0 
446.000 58. IOU 85.213 0.14 I 4.555 4.555 
448.000 58.200 85.360 0.07'3 2.2.77 2.2.77 
450.000 58.200 85.360 0.0 0.0 0.0 
452.0)0.0 58.000 85.067 -0.147 -4.555 ~.555 
45' .. 000 sa.UOd 85.061 O.d 0 .. 0 O.d 
456.000 58.0'1)0 SS.Ob7 0.0 0.0 0.0 
458.GOIl 57.9ao 8_ .. 920 -0 ... 073 -2 .. 278 -2.27'9 

460.000 sa.OOO 85.067' 0.073 2.278 2.278 
4b2.000 58.1.00 85.213 0.073 2.277 2.277 
464.000 58.300 85.507 0.147 4.555 4.555 
466.UUO 58.300 as.$OI O.d 0.6 6.0 
466.00a sa.) 00 65.2:13 -0.147 -4..555 -4..5-55 
470.000 57.&00 84.773 -0.220 -6.832 -6.832 
472.000 57.100 83 .. 747 -0.513 -15.942 -15.942 
414.bOd 56.6UO 83 .. 013 =;;.36 t -I1.3al -11.38; 
476.000 56 .. 000 S2.133 -0.440 -13.665- -13.665 
476.000 55.500 81.400 -0.367 -11.387 -11.387 

480.000 55.100 80 .. 813 -0.293 -9.110 -9.110 
462.000 54.900 80.520 -0.147 -4.555 -4.555 
.84.000 5".900 80.520 0.0 0.0 0.0 
486.000 54.900 80 • .::)20 \) .. 0 0.0 0.0 
488.000 55.000 80.667 0.073 2.278 2.278 
490.000 55.000 80.667 0.0 0.0 o.a 
492:.000 55_000 80.667 0.0 0.0 0.0 
494.600 55.idd dd::diJ 6.613 2_0277 2 .. :271 
496.000 55.000 "'-0 ... 667 -0.073 -Z.277 -2.277 
498.000 54.900 80.520 -0.073 -2.278 -2 • .278 

------------"- --,. 
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TABLE A-2 (Cont.) 

gp" HiGHWAY FUEL i£tbNdMv tYCi:e '383 P'TS) 

TtME' VELOCITY ACELERATION ji:~,::tCE TCt:lOUE 
(SEC) CAM) CFrossJ (F i7set_-z J (egs) (fit,.cas, 

500.000 54.700 90.227 -0.147 -4.555 -4.555 
S02.000 54 .... 00 79.787 -0.220 -6.832 ~.a32 
504.000 54..300 1'9.6"0 -0.073 -2.277 -2.277 
S06.ddd 54.iOI) 19.341 4),141 -4355 -..555 
50S.0ao S-.IOO 79.,347 a.o o.G G.G 
510.000 54.000 7'9 .. Z00 -0.073 -2.278 -2.278 
512.000 54.000 79.200 0.0 0.0 0.0 
514.dOO 54.daa N.2oo 0.0 0.0 d .. d 
516.000 54.000 79.200 0.0 0.0 0.0 
518.000 50'- ... 200 79.493 0.147 4.555 •• 555 

520.000 54.300 80.373 O .. 44Q 13.665 13.665 
522.000 55.000 80 ... 667 0 .. 147 4.555 4.555 
524.000 55.Z00 80.960 o. J47 4.555 0\. .. 555 
5z6.000 55.360 iH.lui 0.073 2.21& 2.2'19 
5zs.aOo. 55.500 81.400 0.147 4.555 4.,555 
530.000 55.700 61.693 0.147 4.555 4.555 
532.000 55.900 Sl.987 0.147 4.555 4.555 
534.000 56.'1001 82.133 0.013 2.21& 2.27& 
536.000 56.000 B2 .. 133 0.0 0.0 0.0. 
538.000 5&.000 az.133 a.G G.O G.O 

540.000 56.000 82.133 0.0 0.0 0.0 
542.000 56.00CJ 92.133 0.0 0.0 O.G 
54 •• 000 56 ... 00t) 62_133 0.0 O.G 0.0 
540.000 56.00a !!2.133 0.0 0.0 b.d 
548.000 55.900 81.967 -0.073 -2.278 -2.278 
5~0_aoo ss..eOQ 32.640 -0.073 -2 .. 277 -2.2.77 
55Z.000 55 •• 00 81.2'53 -0.293 -9.110 -9.110 
554.000 SS.l au 80.8 .. 3 -6.220 =0.832 =i;'S32 
556.000 54.900 80.520 -0.147 -4.555 -4.555 
558.000 54.400 79.787 -0.367 -11.387 -11.387 

560.000 54.100 7'9 .. 3.7' -0.220 -6.832 -6.832 
562.000 53 •• 00 78.320 -0.513 -15.942 -15.9.2 
564.000 53.tOO 77.380 -0.220 -6.832 -6.332 
":160.000 52.bUb 11.141 =0.361 -11 .3d ( -1l.381 
568.000 52.Z0() 76.560 -0.293 -9.110 -9.110 
570.000 52.000 76.2.67 -0.147 -4.555 """4.555 
572.000 52.000 76.2.67 0.0 0.0 0.0 
514.000 52.JOb 16.413 O.O}3 2 ... 218 2.218 
576.000 52.000' 76.267 -0.073 -2.278 -2.278 
578.QOO 51.000 75.680 -0.293 -9.110 -9.110 

580.000 51.JOt> 74..947 -0.367 -11.387 -11.387 
5a2.000 50.-300 73.773 -0.567 -lS.22.0 -16.220 
584.000 4-Q.30D 7'2.307 -0.733 -22.774- -22.774-
Sa5.baO 48.20G 10.693 =thao I -25.0052 -25.052 
S8S .. 000 48.~OO 70 .. 400 -0.147 -4-.555 -4.555 
590.000 48.100 70.547 0 .. Q73 2.;Z77 2.2.77 
592.000 48.900 7t.720 0.587 18.219 16.219 
544.000 49.10U 12 .. 013 0.1 .. ; 4.555 4.~5S 
S96.000 49.000 71.867 -0.073 -2.277 -2.277 
59S.000 "S.~OO 71.720 -0.073 -2:.278 -2.278 
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TABLE A-2 (Cont.) 

e94 H lGAWA'i ;:OEL e<:ONOMY C"CLE (383 ill.:.) 

TY"e VeLOCITY ACEL.ERATION FORCE TORQUE 
(SEC) (/liPR) (FPS) (F IJSECihl2 j CUi::. i ,Pi -css) 

600.000 -a.300 7Oo.84G -0.440 -13.664 -13.664-
602.000 47.900 70 .. 2:53 -0.293 -9.1100 -9.110 
604.000 4.7.700 69.960 -0 ... 147 -4.555 -4.555 
606.000 48.360 '0.846 0.440 13.00,5 J3.605 
608.000 49 •• 00 72.013 0.587 18.219 16.219 
610.000 48.900 71 .. 720 -0.147 --..555 ~.55S 
612.000 47.100 69.060 -1.320 -40 .. 993 -A0.993 
b14.0ao 46.100 6/.6.3 =0. 733 -zz.t1<i -ZZ.774 
616.000 46.200 67.760 0.073 2.2.77 ~.277 

618.000 47.aOO 70.107 1.173 36.439 36.439 

620.000 49.700 72.893 1.393 43.271 43.271 
622.000 51.500 75.533 1.320 40.994 40.994 
624.000 52.700 77.293 o.aao 27.329 27.329 
&26 .. 000 53.600 18 .. 613 0.660 20.497 20.497 
628.000 54.100 79.347 0.367 1 t .387 11.367 
630.000 54.700 80.227 0.440 13.664- 13.664 
0.32.000 55.400 8t .253 0.513 15.0;42 15.94Z 
634.0dO 55.doO aO.061 ·4).293 -9.110 '=").110 
6036.000 S3.bOO 78.613 -1.027 -31.884 -31.884-
638.000 50.200 73.627 -Z.493 -77.433 -77.433 

648.000 
6050.000 

658.000 ~1.1 

560.000 ~1.000 7 •• 800 -0.073 -2.277 -2.2.77 
0.62.000 51.400 75.3B7 0.293 9.110 9.110 
664-.000 52.0:00 76_267 ,).4.40 13 .. 665 13.665 
666 .. 000 52~Oa 1t.ooo 1)'J61 11.38 ; i1.3ar 
boa.OaO 52.700 77.293 0.147 4.555 4.555 
670.000 52.300 76.707 -0.293 -9.110 -9.tl0 
672 .. 000 52 ..... 00 76.853 0.073 2.277 2.277 
b 74.000 52.tOd 77.293 6.i2o 0.832 6.(;33 
670.0'00 5Z.400 76.8S~ -0.220 -6.8:;1:;1 -<io.1333 
67B.OOO 51.700 75.827 -0 .. 513 -15.942 -15.942 

680.000 50-500 7 •• 067 -0.880 -27.329 -27 .. 329 
682 .. 000 49.800 73.040 -0.513 -15.942 -15 .. 942 
684.000 49.600 72.747 -0.147 -4..555 -4.555 
Q8c..oOo 49.500 72.600 ::0.073 -2.277 -2.277 
6dS.000 50.000 73 .. 333 0.367 11.3S7 11.387 
690.000 50.600 74.0213 0.440 13.665 13.665 
692 • .000 51.600 '15.680 0.733 22.774- 22..774-
b94_000 52' .. 000 76 • .26 ; 0.293 9 •• i6 9.1il) 
696.000 52.","00 76.853 0.293 9.110. 9 .. 110 
698.000- 53.300 78_173 0..660. 2.0 .. 497 20.497 
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TABLE A-2 (Cont.) 
------

EPA HIGHW.Y FUEL EdlM)14Y e"CLE (383 PTsi 

Tl"'E VELOCIT¥ .. CELERATYON FORe!! TCRa~ 
lSc;CJ IAPR, ,r=PS) iF "SEC •• !! i cesS) (Ft- 5j 

700.000 54..200 79."93 0.660 20.497 20.497 
702'.~OO 54.800 80.373 0.440· 13.665 13.665 
704 .. 000 55..500 81.400 0.513 15.942 15.942 
t06.000 56.ioO ft.2!Ju 0.440 13.065 13.00::. 
708.000 5Q. .... OD 82.720 0.220 6.832 6.832 
710.000 56.700 8.3.J60 0.220 6.832: &.832 
71Z.000 57.000 83_600 0.220 6.832 6.832 
114.goo 51.100 a".5it d.513 15.942 lS.94::! 
71&.000 58.300 80.24;0 0.a07 2.5.052 2S.0S2: 
718.000 59.200 86.827 0.293 Q.Jl0 9.110 

720.000 sa.aoo 86.Z4o. ~.293 -9.110 ~.JI0 
722.000 58.100 85.213 -Q.51.3 -15.942 -15.942 
724.000 57.300 84;.040 -0.587 -18.219 -18 .. Z19 
126.000 56.BdO 93.30 ; 4}.361 -I I .39 1 -11.381 
728.000 56.200 82.427 -0."0 -13.665 -13.665 
730.000 54.600 80.080 -1.173 -36.439 -36.439 
73Z.000 53.700 75 .. 760 -0.660 20.497 -20.497 
134.iJdO 52.::;mo ii.S81 =a.sal -l8.22d -!a.22U 
736.000 sz.ooo 71> • .267 -0.660 -20.4-97 -20.497 
738.000 50.500 7"-.067 -1.100 -3~.16t -34.161 

740.000 48.500 71 .. 133 -1.467 -45.54,9 -45.549 
742.000 46.800 68.640 -1.247 -38.716 -3a.716 
74 •• 000 4 ... 200 64.827 -1.907 -59.213 -59.213 
146.QOO 34.200 5/ .. 4-93 -3.661 -113.872 -1l~.a;72 
748.00CJ 32.600 47.813 -..a40 -150.310 -15O.31Q 
750.000 2:6.800 39.307 -4..253 -132.091 -1.32.091 
752.000 21.500 31 .. 533 -3.887 -120.704- -120.704-
154 .. ti\)Q 11.4"0 25.52U -3.00 r 43.315 =:;13.375 
756.000 12.400 18 .. 167 -3.667 -113 .. 872 -113 .. 872 
758.000 7.000 10.267 -3.960 -122.981 -122.981 

760.000 3.300 4.840 -2.713 -84 .. 265 -64.26$ 
752.0[)O 0.700 1.027 -1.907 -59.213 -59.213 
764 .. 000 0.0 G.O ~.513 -lS.94Z -1.5.94Z' 
166.000 0.0 0.0 0.0 O.d J.O 
768.000 0.0 0.0 0.0 0.0 0.0 
770.000 0.0 0.0 0.0 0.0 0.0 
772.01>0 a." 0.0 0.0 0.0 0.0 
7/4.060 o.a 0.6 d.O O.J 6 .. 6 
776.000 0.0 0.0 0.0 0.0 o.G 
778.000 O.G A • ., a.o a.o 0.0 

E!'40 ::oF 0" fA 
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APPENDIX B 

THE GENERAL MOTORS TIRE PERFORMANCE CRITERIA 
BREAK-IN PROCEDURE 

The General Motors TPC specifications include the details of the 

break-in schedule that is to be used in preconditioning new tires. This 

procedure has gained widespread acceptance in the tire industry and is 

commonly used in test work. 

TIRF procedures are not identical to those used on the GM continuous, 

running-belt machine because of basic differences between the two facilities. 

In the case of the break-in procedure, the sale difference is that the TIRF 

schedule employs a velocity of 30 and 6 mph while all of the GM tests are 

conducted at 2 mph. 

Tire break-in procedures specified by GH are as follows: "The 

tread of the tire is preconditioned before testing by operating the tire at 

80% of the T&~~ load for one minute at each slip angle of !l, !2 and !4 

degrees. The tire is then subjected to I5-second vertical load sweeps f~om 

o to 1.6 times its T&RA load rating for slip angles of 0, !l, !2 and !4 

degrees. 

Break-in procedures used on TIRF are equivalent since the times 

allotted to each test condition are scaled inversely to the velocity. A 

test velocity of 30 mph is used in the first part of the break-in procedure 

'dth each slip angle maintained for a period of 4 seconds. The roadway 

velocity is then reduced to 6 mph and S-second, linear load ramps are applied. 

The distance that the tire rolls in each test condition and the amount of 

work done on the tire are thus the same for each facility. 
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APPENDIX C 

TEST FACILITY - A DESCRIPTION 

A photograph of the TIRF 

this report; a dimensional view 

primary features of the machine 

of 

facility is shown as the frontispiece to 

the facility is shown in Figure C-l. The 

are (Reference 2): 

A. Tire POSitioning System 

The tire, wheel, force sensing balance, and hydraulic motor to 

drive or brake the tire are mounted in the movable upper head. The head pro­

vides steer, camber, and vertical motions to the tire. These motions (as well 

as vertical loading) are servo controlled and programmable for maximizing 

test efficiency. The ranges of the position variables, the rates at which 

they may be adjusted, and other information are shown in Table C-l. 

* Can be 

** Can be 

Table C-l 

TIRF CAPABILITIES 

CHARACTERISTIC 

TIRE SLIP ANGLE (a.) 

TIRE INCLINATION ANGLE (,) 

TIRE SLIP ANGLE RATE (a.) 

TIRE INCLINATION ANGLE RATE (i) 

TIRE LOAD RATE (TYPICAL) 

TIRE VERTICAL POSITIONING RATE 

ROAD SPEED (V) 

TIRE OUTSIDE DIAMETER 

TIRE TREAD WIDTH 

BELTWIDTH 

increased to 90
0 with special setup • 

increased to 60
0 with special setup. 
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RANGE 

±30o .... 

±30o .... 

lOa/sec 

70 /sec 

20001b/sec 

T'/sec 

0-200 mph 

Up to 46" 

24" MAX. 

28" 



J 
I' 
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B. Roadway 

The 28-inch wide roadway is made up of a stainless steel belt 

covered with material that simulates the frictional properties of actual road 

surfaces. The belt is maintained flat to within 1 to 2 mils under the tire 

patch by the restraint provided by an air bearing pad which is beneath the 

belt in the tire patch region. The roadway is driven by one of the two 67-

inch diameter drums over which it runs. The road speed is servo controlled; 

it may be programmed to be constant or varied. 

The test surfaces used on TIRF are made from a commercially 

available proprietary material called Safety Walk.* The surface consists of 

a backing sheet treated with contact cement used to adhere it to the stainless 

steel belt. On the working Side, a silicon carbide type of grit material is 

set in an epoxy type cement. This material is specified by its reflectance 

which we have found to be related to its microtexture and wet skid number. 

Standard practice is to use a surface with an initial wet skid n~~ber greater 

than the desired test value. The surface is then stoned with a grinding stone. 

The stoning serves to break off those sharp asperities which extend appreciably 

above the others. Stoned surfaces do not abrade the tire surfaces excessively, 

and they are stable under normal usage. Scanning Electron "licroscope (SE.'I) 

photos have been taken of some of the surfaces used. Figure C-2 shows SE.'I 

photos of one of the materials used in both the "as received" and "after 

stoning" condition. 

Schonfeld of the Ontario Hinistry of Transportation and Commun­

ications has developed a method of photo-interpretation of pavement skid 

resistance (Reference 3). Samples of our material have been analyzed by 

Schonfeld who calculated skid numbers in general agreement with values which 

had been measured. The texture parameters used by Schonfeld are height, width, 

angularity, distribution arid harshness of projections and the harshness of the 

surface between projections. He classified the surface in terms of the apparent 

height and angularity of the microprojections: polished, smooth, fine-grained, 

coarse-grained subangular, and coarse-grained angular. A fine-grained surface 

* >Ianufactured by the 31-1 Company 
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•. AS RECEIVED 

b. AFTER STONING 

Figure C-2 SCANNING ELECTRON MICROSCOPE PHOTOS (15X) OF SAFETY WALK SURFACE 
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has microprojections approximately 1/4 mm high while coarse-grained surfaces 

(angular or subangular) have projections approximately 1/2 mm high or higher. 

The Safety Walk surfaces fall between fine-grained and coarse-grained with 

about two-thirds of the projections being more than 1/4 mm high. 

A unique feature of TIRF is the ability to carry out tests 

under wet road condi dons. A two-dimensional water no zzle spans the road'Nay. 

This nozzle has an adjustable throat which can be set to the desired water 

depth. The flow through the nozzle is then varied by controlling the water 

pressure. At each test condition the water film is laid on tangential to the 

belt at belt velocity. The film thickness may be varied from as low as 0.005 

inches up to 0.5 inches. 

C. Tire-Wheel Drive and Balance System 

A drive system which is independent of the roadway drive is 

attached to the tire-wheel shaft. This separate drive allows full variation 

of tire slip both in the braking and driving modes. The tire slip ratio, 

referenced to road speed, is under servo control. 

A six-component strain gage balance surrounds the wheel 

drive shaft. Three orthogonal forces and three corresponding moments are 

measured through this system. A fourth moment, torque, is sensed by a torque 

link in the wheel drive shaft. The load ranges of the basic passenger car 

and truck tire balances are shown in Table C-2. Transfer of forces and 

moments from the balance axis-system to the conventional SAE location at 

the tire-roadway interface is in the data reduction computer program.* 

• More detailed information on the balance systems and their calibration 

may be found in Reference 2 • 

47 



Table C-2 

BALANCE SYSTEM CAPABILITY 

COMPONENT PASSENGER CAR 
TIRE BALANCE 

TIRE LOAD ILl 4000lb 

TIRE TRACTIVE FORCE ;!4000 Ib 

TIRE SIDE FORCE ;!4OO0lb 

TIRE SELF ALIGNING TORQUE ;!500 Ib ft 

TIRE OVERTURNING MOMENT :1000 Ib ft 

TIRE ROLLING RESISTANCE MOMENT ;!'200 Ib ft 

D. System Operation 

TRUCK TIRE BALANCE 

12,OOOIb 

! 8000 Ib 

! 8000 Ib 

! 1000 Ib ft 

! 2000 Ib ft 

! 400 Ib ft 

1. Data Acquisition Program (DAP) Control 

The data acquisition program (DAP) is a software system 

which controls machine operation and logs data during tests. DAP controls 

test operations by means of discrete setpoints which are generated in the 

computer by the program. These setpoints are sent to the machine servos which 

respond and establish tire test conditions. After the setpoints are sent to 

the servos, a delay time is prOVided which starts after the machine variables 

have reached a steady state value Id thin predetermined tolerances. This 

allows the system to stabilize before data are taken. After data are taken, 

the next set of test conditions is established and testing continues. 

One or two variables can be changed during DAP testing. 

The other test parameters are kept fixed throughout the test. Up to twenty 

data points can be used for each variable in a run. 

A data reduction program is used to operate on the raw 

data collected during testing. These new data are reduced to forces and moments 

in the proper axis system and all variables are scaled to produce quantities 
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with engineering units. Raw and reduced data are temporarily stored in a disc 

file. Both reduced and raw data can be transferred to magnetic. tape and 

maintained as a permanent record. 

Reduced data points can be listed, plotted and curves can 

be fitted to the points. All of the standard Calspan plots can be generated 

from DAP test data. 

Data lists and plots are displayed on the oscilloscope 

scraen of a CRT console. Hard copies of this information can be made off this 

display. 

2. Continuous Sampling Program (CSP) Control 

The continuous sampling program (CSP) is a software 

system which controls machine operation and continuously logs data during 

tests. Test variables can be constant or changed at rapid rates. One or all 

variables can be changed during a test. Data can be sampled at rates up to 

100 samples per second. Pauses are used so that data can be logged during 

desired intervals of the test. 

CSP testing can be conducted quickly which in turn re­

duces tire wear during severe tests. The high rate of data sampling also 

permits limited dynamic measurements to be made during testing. 

Two parameter plots of data can be made. Carpet and 

family plots of test data cannot be made with this program at the present time, 

CSP data will also reflect time effects if tire characteristics are a function 

of the rate of change of testing variables. 

Data reduction is accomplished in a manner similar to 

that employed in DAP testing. 
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